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PREFACE 


In April, 1921, the President of the University of Michigan at 
Ann Arbor, Michigan, extended an invitation to me to become 
an exchange-professor of Geology for the second semester of the 
college year 1921-1922, and to occupy the chair of William H. 
Hobbs, the distinguished professor of general and dynamical 
geology. After the official approval of the exchange 1 accepted 
this invitation with great pleasure, gladly availing myself of the 
opportunity to make personal relationships with American geolo- 
gists and to draw closer the bonds between students of geology 
in America and those in my own country. From February to 
June, 1922, Professor Hobbs occupied my chair at the Technische 
Hoogeschool in Delft, while at the same time I was lecturing at 
the University of Michigan. 

It was decided by the University of Michigan that a résumé 
of the series of lectures on the geology of the Netherlands East 
Indies should be published. The following pages have been put 
into shape with great industry and skill by Mr. Laurence M. 
Gould, of the Department of Geology at the University of 
Michigan, the source materials consisting of notes made by him 
during the lectures. The manuscript thus prepared has been 
added to by myself. 

The following pages do not in any sense purport to be more 
than an outline of a field for geological research which is full of 
promise. As may be noted from the bibliography given in the 
Appendix, a great deal has been written about various phases of 
the geology of the Netherlands East Indies, but a large part of 
the subject-matter of this book appears herewith for the first 
time in English. 

Т wish to express my sincere thanks to the Board of Re- 
gents of the University of Michigan and to the members of the 
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Faculty and to the officers of administration for all the kind and 
efficient help extended to me during my stay at Ann Arbor. The 
problems dealt with in the following pages were frequently dis- 
cussed with the members of the staff of the Department of Ge- 
ology and I owe many valuable suggestions to their interest in 
this field of research. A profitable time was also spent with 
my colleagues of other universities and scientific societies, where 
I delivered lectures on related subjects, as at Columbia Univer- 
sity, Yale University, the University of Chicago, Stanford Uni- 
versity, the Geological Society of Washington and the Geo- 
graphical Society at New York. 
H. A. BROUWER 


DELFT, HOLLAND 
October. 1924 
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THE GEOLOGY OF THE 
NETHERLANDS EAST INDIES 


ОНАРТЕВ І 


THE MAJOR RELIEF FEATURES AND 
THEIR ORIGIN 


Тнк area included in the designation Netherlands East Indies, 
as used in this study, comprises the great group of islands lying 
to the southeast of Asia between that continent and Australia, 
and extending from the middle of New Guinea on the east to, 
and including, Sumatra on the west. The outer border of the 
group on the south consists of a great arc-shaped partly double 
row of islands comprising Sumatra and Java. Lying within this 
huge arc, and to the north, are the large triangular island of 
Borneo and the queer sprawling island of Celebes. The re- 
mainder of the island group consists of the western part of New 
Guinea and the smaller islands between it and Celebes, which 
are collectively referred to as “The Moluccas.” 

Because of its location at the intersection of two of the 
greatest zones of crustal weakness of the earth, the East Indian 
Archipelago possesses a very complex tectonic history. This 
history is, however, particularly illuminating in the light that 16 
throws upon the origin and growth of folded mountain ranges and 
will be considered in some detail in a subsequent chapter. By 
way of understanding the present major relief features and their 
origin, it is but necessary to state that the Archipelago is di- 
vided by a line passing from north to south through the region 
of the Makassar Strait, into two regions, so different morpho- 
logically as to have a pronounced effect upon the present ap- 
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pearance of the islands. The portion to the west of this line has 
long been more or less stable, except where it borders upon 
the Indian Ocean. Only the remnants of former periods of moun- 
tain building are now to be found here. The land-masses have 
in general long been subjected to erosion and the streams have 
passed from the turbulence of youth to the more sluggish charac- 
ter of maturity or even old age. The lands lying to the east of 
the Makassar Strait are in a region in which the mountain- 
building processes are still active. The islands are, therefore, 
as compared with the western part, but newly uplifted from the 
sea. Their strongly fractured and fissured surfaces give evidence 
of the folding processes at work at greater depths. Deep gor- 
ges and swiftly flowing streams indicate a much younger stage 
of erosion than that found to the west. 

To the southeast of the Archipelago, Australia, with the 
Sahul Shelf, represents a stable area similar to the region west 
of the Makassar Strait. If we consider this area for the time 
being as a part of our study, it will be seen that the East Indian 
Archipelago consists of two great stable land-masses both partly 
submerged (for the region between Borneo, Sumatra and Java is 
but a submerged shelf, known .as the Sunda Shelf, and similar 
to the Sahul Shelf in its morphology) between which lies a re- 
gion of active deformation. Whereas the stable areas, could we 
lower the sea some fifty to one hundred meters, represent rather 
widespread and exceptionally uniform surfaces, the portion lying 
between is characterized by deep elongated sea-basins separated 
by sharply rising rows of islands. 


RELIEF FEATURES OF THE PRINCIPAL ISLANDS 


Sumatra lies along the axis of a great geanticline. Stretch- 
ing along the western part of the island, near to the coast are 
the Barissan Mountains which give to this side of the island a 
rough and rugged character, in sharp contrast to the broad 
plains which lie to the east, and which extend down to the sea 
where they merge with the drowned part of the Sunda Shelf 
with but little change of slope. The present Barissan Moun- 
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THE SLOPES OF VOLCANIC MOUNTAINS IN JAVA 


B. THE ACTIVE VOLCANO MERAPI IN CENTRAL JAY 
The highest part of the cone is a lava dome. 
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tains are associated with late Tertiary and post-Tertiary moun- 
tain-building. Considerable vulcanism occurred during a great 
part of the Tertiary period and even yet there are many active 
volcanoes. These youngest volcanoes are found along the top of 
the mountain range and the ejectamenta from them and from 
the older volcanoes have covered large areas of the older rocks 
(Plate 11). 

The topography of the greater part of Java is primarily of 
volcanic origin; the main feature of the island consists of a 
chain of volcanoes, many of which are still active, extending 
along its entire length. Many of the volcanie mountains possess 
huge calderas, sometimes several kilometers in diameter, within 
which are found smaller craters (Plate III). Often a considerable 
number of such smaller craters are found within one huge cal- 
dera. The frequent shifting of the centers of eruption, the forma- 
tion of parasitic cones, together with erosion, have in many 
cases produced further complexities of structure and appearance 
which are often unique and picturesque. Frequently the natural 
contour of the mountains has been still further altered by the 
work of man, for the lower slopes have been terraced up on a 
very large scale to make room for an extensive rice culture 
(Plate IV A). 

The southern coast of Java is in a region of present dynamic 
activity and in many places presents a rugged appearance. 
Abundant proofs of upheaval along this side of the island give 
evidence of the deformation which is still in process. In con- 
trast to this side of the island the northern coast is low and flat 
as it merges into the drowned Sunda Shelf. 

The arc, of which Sumatra and Java are a part, is continued 
toward the east by the islands of Bali, Lombok, Sumbawa, 
Flores, Wetter, and a number of smaller volcanic islands as the 
are turns back upon itself to disappear beneath the sea. These 
islands show evidence of the mountain-building processes now 
active in this part of the Archipelago, and all have active 
volcanoes except those from Pantar to Dammer. Terraces of 
upheaved coral reefs and a strongly fractured and fissured crust 
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give evidence of the folding which is taking place at greater 
depths. The coasts of the islands are frequently bounded by 
great fracture lines and numerous bays; lakes and basins are 
found, the outlines of which may be identified as fracture lines. 
The streams on these islands are of course short and are in the 
youthful stage of their erosional work. 

Outside (to the south) of this ınajor arc just described, lies a 
smaller one which seems to have accommodated itself more 
nearly to the shape of the Australian continental mass. Sumba 
and Timor are the principal islands on the western end of this 
атс, while Buru and Ceram are to be found to the northern end 
where the arc has curved back toward the northwest and west. 
No volcanoes are found in this arc, while the inner row, as al- 
ready noted, is characterized by many active volcanoes. Coral 
reefs are more abundant in the outer row on this account, for the 
coral animals cannot grow in the presence of active volcanoes. 

The surface of these islands with their deep gorges shows 
evidence of strong erosion. Longitudinal and transverse frac- 
tures accompanying the youngest stage of mountain-building, 
as in the inner arc, have caused the formation of many more or 
less rectangular basins; and in some cases transverse straits 
between the islands are due to such fractures. The remnants of 
the Tertiary mountains are often cut off obliquely by the present 
coast lines, the boundaries of which are frequently longitudinal 
fractures. 

The island of Borneo is a part of the great stable western por- 
tion of the Archipelago. In the northeastern part (on British 
territory) are found the highest elevations on the island. Here 
summits of more than four thousand meters are known. A great 
mountain range with strongly varying heights stretches in an 
east-westerly direction through the central part of the island. 
The Upper Kapuas Mountains are a part of this range. Far- 
ther to the south are found other mountain ranges, which also 
have an east-westerly trend. The so-called plateau sandstone 
gives to a great part of western and central Borneo a typical 
topography consisting of high plateaus separated by deep nar- 
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row ravines. In the southeastern part of the island the trend 
of the mountains is south-southwest to north-northeast. There 
has been no recent mountain-building in the island, but it is 
much larger now than it was in Tertiary time. 

The coasts of Borneo where it borders the drowned part of 
Sunda Land are low and often overgrown with mangrove swamps. 
These are typical submerged coasts with drowned rivers which 
are wide far inland and which are therefore very navigable. 

Celebes, though separated from Borneo only by the Makassar 
Strait, is totally different from a morphological standpoint. 
From the central part geanticlines branch out to form the four 
main peninsulas of the island, giving to the whole a skeletal sort 
of appearance. In contrast to the maturely eroded surface pre- 
sented by a great part of Borneo, the surface of Celebes is much 
fractured and fissured and cut up by the deep gorges of the rivers, 
which are still in an early stage of development. The fracture 
systems are complex and have played an important róle in the 
topographic development of the island. The typically long and 
narrow, and sometimes quite rectangular, bays and basins owe 
their characteristic outlines to these fracture systems. 

Though in a region of present deformation and great activity, 
not all parts of the island have been moving with equal intensity. 
In the southwestern part more or less stable conditions seem to 
have obtained for a long time. Drowning is also evidenced by 
the presence of a barrier reef at some distance from the present 
coastline. Other parts with smaller neighboring islands are mov- 
ing strongly. Upraised coral reefs arranged in terraces indicate 
that the movement has been of an interrupted character. 

Many active volcanoes, arranged along more or less trans- 
verse and longitudinal fracture lines, are found in the northeast- 
ern part of Celebes. In some cases islands have been built up 
by submarine eruptions and a range of partly active volcanoes 
is continued up into the Philippines. In the southern part of 
the island only dormant or extinct volcanoes are found at the 
present time, though there is ample evidence of great activity in 
Tertiary time. 


6 Geology of the Netherlands East Indies 


Only the western portion of New Guinea lies within the 
Dutch domains, and very little is known about the geology of 
even this part. A great ridge of mountains, the highest in the 
entire Archipelago, extends down the middle of the island. Some 
of the peaks of this range are nearly 5000 meters high and are 
the only snow-capped mountains in the entire Archipelago. The 
snow-line is here at about 4800 meters. This mountain ridge 
extends in a general east-west direction through the middle part 
of the island, turns toward the southeast in the British portion, 
and is prolonged toward the south in New Caledonia and New 
Zealand. To the north the range bends to the north-northwest 
and curves back again in the direction of Halmaheira in the 
Moluccas. Longitudinal and more or less transverse fractures, 
as on Celebes, have here caused the formation of bays and ba- 
sins. The Mamberamo, the longest river of the island, follows 
along a longitudinal basin in an east-west direction and then 
suddenly turns off to the north to enter the ocean. 

To the south of the median mountain range of New Guinea is 
a great alluvial bench which grades into the submerged land of 
the Arafura Sea and the Sahul Shelf. The mountains have been 
folded up against this old stable land-mass, which in reality 
represents the natural boundary of the Australian continental | 
land-mass. 

The Moluccas are nearly all parts of the region in which the 
youngest stage of the mountain-building processes is clearly visible. 
They, therefore, like the similar areas already described, present 
strongly fractured and fissured surfaces. Active volcanoes are 
found in the northern peninsula of Halmaheira and on some of 
the islands immediately to the south of it. 


THE SUBMARINE TOPOGRAPHY 


The great Sunda Shelf, which lies between Java, Sumatra 
and Borneo, is the most extensive sea-covered shelf on the globe. 
It presents an interesting study! in that its submergence was 


E С. A. Е. Molengraaff, “Modern Deep-sea Research in the East Indian 
Archipelago”: Geographical Journal, Feb., 1921, pp. 95 ff. 
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not brought about by crustal movements of the earth. It seems 
rather to have been a great peneplain formed in Tertiary time 
and later flooded by the rise of the sea when the great ice-sheets 
melted away at the close of Pleistocene time. Evidence for the 
truth of this hypothesis is found in the following facts: 

1. The surprisingly uniform depth of the Java Sea — forty to 
forty-five, seldom more than fifty meters— which covers the Sunda 
Shelf. Lands which have been submerged by crustal movements 
are not covered by seas which are so strikingly uniform in depth. 

2. No upheaved coral reefs are found about the islands in 
this region, but reefs are found around the edge of the Sunda 
Shelf — the former land-mass. 

3. The small islands of the Java Sea are generally of hard 
rocks. They appear to be typical monadnocks on an old pene- 
plain. 

4. The fact that Java, Sumatra and Borneo all show evi- 
dence of submergence where they border on the Sunda Land has 
already been noted, but may be stated again here together with 
the fact that the so-called “Тіп Islands” to the southeast of the 
Malay Peninsula also show strong evidence of drowning by the 
present position of the tin deposits. Secondary deposits of tin 
are found here deep below sea-level, and it is a well-known fact 
that such deposits have been segregated from the original 
granites which contained them by the assorting action of the 
rivers and the waves along the shoreline. The present location 
of these deposits points, therefore, either to a subsidence of the 
islands or a rise of the sea. 

5. The rivers that enter the Java Sea from the several is- 
lands about it all show evidence of drowning. These rivers have 
wide and deep estuary-like mouths, and are being silted up far 
upstream. Only one river, the Kapuas in Borneo, which is 
unusually rich in silt, has formed a delta. Even this one is so 
small that it hardly protrudes beyond the coast-line. 

The theoretical consideration of the development of such a 
shelf as the Sunda Land fits in well with this hypothesis based 
upon glacial control and may be outlined as follows: 
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Continental shelves are known to be developing along all 
coasts, but they are in general rather narrow. If, however, a 
period of great diastrophism and mountain-building precedes 
the period of erosion, the- agents of erosion will be very active 
and much detrital material will be added to the shelf area. In 
such cases the growth of the shelf will be comparatively rapid. 
If the sea is negative (receding), еговіоп will be still stronger, 
but the continental shelf will not be appreciably widened, since 
it will constantly be in the process of being uplifted to form a 
part of the continent proper. If the sea is positive (rising), a 
wider shelf will be constantly forming because of the submergence 
of part of the land-mass: This advantage is, however, largely 
offset by the fact that as the sea rises erosion becomes propor- 
tionately less active and there is, therefore, a much smaller 
amount of detritus added to the shelf area. 

The ideal conditions for the formation of an extensive shelf 
would then seem to be: 

First a period of great diastrophism and mountain-building. 
Then a period of strong erosion with the land in a stable condi- 
tion, which would bring about the formation of a gradational 
plain and wide continental shelf. By ‘gradational plain’ is meant 
a plain which shows a nearly imperceptible gradation from land 
to sea —a very gentle and uniform slope. The last step in the 
set of ideal conditions would be the rising of the sea to cover this 
wide gradational plain. | 

A study of the history of this part of the Archipelago indi- 
cates that it fulfills to an unusual degree these ideal conditions 
outlined above. In the first place the Tertiary was a period of 
great mountain-building activity in the Archipelago. In the sec- 
ond place this activity ceased in the western part of the island 
group some time during the Tertiary, and this part of the Ar- 
chipelago has remained stable ever since. While the formation . 
of a peneplain is necessarily hypothetical, we are certain that 
there was a period of very active erosion subsequent to the 
formation of the Tertiary mountains. It is probable that the 
work of gradation proceeded quite rapidly even into Pleistocene 
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time, for in proportion as the waters of the ocean were lowered 
by the formation of the great ice-sheets, the processes of erosion 
became more active. 

The third and last stage in the history of the Sunda Shelf, 
that is its submergence, was brought about, as already noted, 
by the rise of the sea when the great ice-sheets melted. During 
the period of maximum glaciation, according to Daly,! the aver- 
age thickness of the ice-sheets was about 1100 meters and their 
area was some 15,500,000 square kilometers. On account of the 
volume changes occasioned by the formation of such great ice 
masses, the change in the level of the sea would have varied from 
fifty to sixty meters. In addition to the change of level due to 
changes of volume, the gravitative influence of the ice would 
have caused a further change in the sea-level. Ice masses at- 
tract the water so that there would have been a considerable 
drawing up of the waters of the sea in the vicinity of the great 
ice caps and a corresponding depression of the water surface at 
points antipodal to the ice masses. Daly further points out that 
in the tropics such a gravitative influence would have occasioned 
a change in level of about ten meters. This amount, combined 
with the factor due to volume changes already noted, would in- 
dicate that during the time of maximum glaciation the tropical 
seas were sixty to seventy meters lower than now. There is surely 
here a suggestion of a certain relationship between these figures 
and the very uniform depth of the seas which cover the Sunda 
Shelf. 

The Sahul Shelf, which extends out from Australia connect- 
ing it with New Guinea, the Aru and neighboring Islands, repre- 
sents conditions of formation and submergence identical with 
those just described for the Sunda Shelf. 

As for the submarine topography between these two stable 
areas, it consists, as already noted, of very deep valleys (geo- 
synclines) alternating with pretty well-defined ridges (geanti- 
clines), which partly emerge from the sea as rows of islands. 


1 Daly, R. A., “The Glacial-control Theory of Coral Reefs,” Proc. Am. 
Acad. Arts and Sci., Vol. 51, No. 4, Nov., 1915. 


CHAPTER IF 
HISTORICAL GEOLOGY 


As early as 1883 Neumayr, in a discussion of the geology of 
this part of the earth, supposed China, Australia and the East 
Indian Archipelago to have been parts of a great Mesozoic con- 
tinent. This supposed continent he designated as Sino-Australia. 
Two years later fossils were found which demonstrated the error 
of this hypothesis. Another paleogeographic hypothesis of more 
recent date is that of a Paleozoic continent (Aequinoctia) which 
occupied the area of the present Archipelago. At the present 
time we suppose that no continental land-mass has occupied all 
the region now included in the Archipelago, but rather, except 
for minor interruptions, that the sea has separated Australia 
from Asia, during at least a great part of the Paleozoic and 
during Mesozoic and Tertiary time. 

The late Paleozoic and post-Paleozoic history of the Archi- 
pelago is pretty well recorded in the rocks exposed about the 
various islands. The earlier history is much less complete. The 
oldest rocks exposed are crystalline schists, gneisses, granites and 
the like. The earliest investigators assumed these rocks to be 
very ancient, probably entirely pre-Cambrian. Upon such a 
basis they attempted to reconstruct the stratigraphic history of 
the Archipelago. More recent studies have demonstrated not 
only that these crystalline rocks are not necessarily very ancient, 
but that for the most part those exposed are comparatively 
young, belonging to the Paleozoic and Mesozoic or even later 
ages. The present crystalline character of the schists has been 
developed because of much metamorphism from intense folding 

1 Abendanon, E. C., “Aequinoctia, An Old Paleozoic Continent,” Journal 
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and from igneous intrusions — the intense dynamic effects having 
pretty completely changed the sediments and obliterated the 
fossil evidences of their age. Naturally these rocks exhibit vary- 
ing degrees of metamorphism dependent largely upon depth, in- 
tensity of deformation and to a lesser extent upon igneous ac- 
tivity. 
A study of the tectonics of the Archipelago has demonstrated 
that mountain-building and sedimentation have taken place in 
the islands over long periods. Many of the present islands are 
parts of embryonic mountain systems. This tremendous moun-: 
tain-building activity has made some of the preéxisting rocks ap- 
pear prematurely old. A large part of the “old schists” may be 
of Paleozoic age. Rare fossils prove that part of the phyllites, 
silky slates, and the like are of Mesozoic age. In the Alps Pale- 
ozoic and Mesozoic sediments are found in certain metamorphic 
phases, which compare in many respects with these crystalline 
rocks of the Archipelago. The Alpine Biindnerschiefer contain 
some rare belemnites and other fossils which identify them as of 
Mesozoic age. 


DISTRIBUTION OF CRYSTALLINE SCHISTS 


In Sumatra the metamorphic rocks are exposed over wide 
areas, where they are in part of Mesozoic age. In Java they 
are only locally developed and are considered to be of Creta- 
ceous age. Considerable exposures are found on Borneo and they 
are here partly the result of contact metamorphism, brought 
about by intrusions of granite. Central Celebes and large parts 
of the northern and southeastern peninsulas consist mainly of 
granitic rocks and crystalline schists. Some of these may be old, 
and again many may belong to the younger metamorphics dis- 
cussed above. These crystalline rocks are exposed particularly on 
the portions of the island where there have been strong upheavals. 
On most of the islands of the Timor-Ceram arc, the Banggai, 
Sula and Obi Islands, in some islands near Halmaheira and New 
Guinea, and on the latter island, are found other exposures of 
crystalline rocks. 


12 Geology of the Netherlands East Indies 


PALEOZOIC 
OLDER PALEOZOIC 


A part of the more or less metamorphosed rocks of the 
Archipelago have been considered by several authors as of 
Paleozoic age, although the'lack of fossils has thus far made 
their certain identification impossible. In the neighborhood of the 
Archipelago in Australia and southeastern Asia older fossiliferous 
Paleozoic rocks are known, and sandstones, shales and limestones 
with crinoids, brachiopods and trilobites from the central range 
in New Guinea may be in part older than Carboniferous. Some 
rare specimens of Paleozoic fossils have been reported from Cen- 
tral Celebes. These discoveries are not, however, generally ac- 
cepted. If we suppose that, in the regions where older Paleo- 
zoic fossils are unknown, they are lacking, although the regions 
are very little known geologically, even this does not prove that 
they may not have at some time been present; for they may 
have been destroyed by the metamorphism of the sediments 
which contained them. 

It is considered highly probable that the older fossiliferous 
Paleozoic rocks in Europe are represented, for example, by the 
paragneisses and metamorphosed limestones in the southern part 
of Switzerland. In this part of the country, on account of the 
tremendous and repeated mountain-building activity which took 
place here from Paleozoic to Tertiary time, the metamorphic 
effects have been much more pronounced than elsewhere. 

The Middle Devonian fauna of eastern Australia has, among 
a great majority of Rhenish forms, a few American affinities, and 
an American influence is also found in southern China, but not in 
Burma and not in the smaller fauna of northwestern Australia. 
This may suggest that temporarily a dividing land-mass was 
present in a part of the present Archipelago and that the sea, 
which separated Australia from Asia, was not always open. 
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CARBONIFEROUS AND PERMIAN 
Sumatra 


The first fossils of Upper Paleozoic age were found in the 
Highlands of Padang in Sumatra. They were first considered as 
Lower Carboniferous. Later they were called Upper Carbonifer- 
ous, and at the present time some authors consider them to be 
of Permian age, on account of the similarity of their Fusulinidae 
to those of the Permian in Indo-China. All along the western 
part of Sumatra there is a series of slates and phyllitic slates, 
sandstones, conglomerates, quartzites, greywackes, cherts, lime- 
stones, and at many places metamorphic sediments such as horn- 
fels, marbles, mica schists and hornblende or serpentine schists. 
Among the fossils contained in the limestones, the following forms 
have been found: corals, Clisiophyllum, Lonsdaleia; brachiopods, 
Productus, Orthothetes, Dalmanella, Spirigera, Reticularia; Tere- 
bratuloidea; lamellibranchs, Aviculopecten, Pinna, Conocardium, 
Allorisma; gastropods, Euomphalus, Loxonema, Pleurotomaria, 
Trochus (?), Macrocheilus, Murchisonia, Naticopsis, Patella, Bel- 
lerophon; cephalopods, Pleuronautilus, Orthoceras, Temnocheilus; 
trilobites, Griffithides; Fusulinidae, Fusulinella, Doliolina, Suma- 
trina, Verbeekina, Neoschwagerina, and other Foraminifera; cri- 
noids, Poteriocrinus. In Atjeh, which is in northern Sumatra, the 
trilobites Neoproetus and Phillipsia, Fusulinidae, corals, crinoids, 
brachiopods and gastropods (Euomphalus) have also recently 
been found. 

It is possible that this important series of rocks of great thick- 
ness includes Permian, Carboniferous and even older Paleozoic 
rocks. (It is of interest to state that in British Malaya a series 
of sediments has been described with a contemporaneous series 
of volcanic and hypabyssal rocks ranging from rhyolites to dole- 
rites, in which agglomerates and tuffs are particularly widespread. 
Extensive calcareous shales and limestones are said to have 
yielded a definite Visean fauna in the Kuantan district of Pa- 
dang, and Carboniferous fossils elsewhere). Brachiopods (Stroph- 
omena, Chonetes and Spirifer), which have been found near Sungi 
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Landak in Djambi, Sumatra, are considered to be Lower Car- 
boniferous. Lopophyllum, Zaphrentis and Martinia from the 
river Besitang in northeast Sumatra seem to be Upper Carbon- 
iferous in age. 

In the portion of West Sumatra which belongs to Djambi, 
two distinct series of Permian rocks have been identified. 
The two series are found close together, having been brought into 
this position by large overthrusts. The first series consists of 
diabases, porphyrites, porphyries, quartz porphyries, melaphyres 
and their tuffs, with lenses and layers of fossiliferous limestone. 
The basic lavas and tuffs are found in the lower part of the series 
and are of the same age as the fossiliferous rocks from the 
Highlands of Padang, which had formerly been considered as 
Upper Carboniferous in age. According to Tobler, the Fusu- 
linidae (Verbeekina verbeeki, Fusulinella species and Neoschwage- 
rina annae) point to their age as being the upper part of the 
Lower Permian. The acid lavas and tuffs are found in the Up- 
per part of the series and their age would therefore be upper 
Permian. The second series, which has a thickness of at least 
1400 meters, consists of porphyries and quartz porphyries, kera- 
tophyres and quartz-keratophyres with their tufaceous sand- 
stones and thick beds of conglomerates in which the pebbles are of 
the same volcanic rocks. In their layers of limestone in the lower 
part of the series Fusulinidae and Productus have been found, 
which are considered as coéval with the Middle Productus lime- 
stone of the Salt Range. The upper part of the series may even 
be Mesozoic in age. Locally thin coal beds, Cordaites and Peco- 
pteris have been found in the lower part of the series. 


The Timor-Ceram Row of Islands 


Our knowledge of the Permian faunas Ваз been greatly in- 
creased by the discovery of fossiliferous Permian beds in Timor. 
A great wealth of fossils is found here, among which, corals, 
bryozoa, blastoidea, cystidea, cephalopods and brachiopods are 
especially abundant.  Pelecypods and gastropods also occur. 
Limestones composed almost exclusively of tests of Fusulinidae 
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are found at various places. Particularly in the tufaceous marls 
have wonderful collections of unusually well-preserved fossils been 
made. The beds, the greater part of which are undoubtedly prop- 
erly referred to the Permian, are strongly folded and faulted tuffs, 
tufaceous marls, marls, limestones and basic effusive rocks. 

Among the fossils endemic forms are numerous. The most 
interesting element of the fauna is the echinoderms, for before 
discoveries of these not many had been found in Permian de- 
posits. Therefore it is not surprising that of the crinoids which 
have been described, at least one hundred and five of the one 
hundred and twenty-three species and twenty-eight of the forty- 
‚ four genera are new and have so far been found only in Timor.! 
They belong for the most part to the following genera: Paraca- 
tillocrinus, Symbathocrinus, Eutelecrinus, Neoplatycrinus, Pleuro- 
crinus, Platycrinus, Mollocrinus, Strongylocrinus, Indocrinus, 
Hypocrinus, Sycocrinus, Monobrachiocrinus, Cydonocrinus, Theti- 
dicrinus, Bolbocrinus, Embryocrinus, Poteriocrinus, Trimerocrinus, 
Zeacrinus, Hydreionocrinus, Graphiocrinus, Bursacrinus, Delocri- 
nus, Roemerocrinus, Cibolocrinus, Basleocrinus, Sundacrinus, Eriso- 
crinus, Lopadiocrinus, Stachyocrinus, Loxocrinus, Syntomocrinus, 
Calycocrinus, Prophyllocrinus, Palaeoholopus, Timorocrinus, Tha- 
lassocrinus, Dinocrinus. 

Immense collections of blastoids, belonging mostly to Schizo- 
blastus, have been made. Spines of echinoids are also very 
numerous. The cephalopods, so far as they have been described, 
belong to about fifty different, and for the greater part, new spe- 
cies. The three genera Timorites, Sundaites, and Atsabites are 
new. The other principal genera are: Daraelites, Pronorites, 
Parapronorites, Propinacoceras, Medlicottia, Episageceras, Glyphi- 
oceras, Gastrioceras, Paralegoceras, Agathiceras, Popanoceras, Para- 
popanoceras, Hyattoceras, Cyclolobus, Waagenoceras, Xenodiscus. 
The nautiloids belong to Temnocheilus, Endolobus, Pleuronauti- 
lus, Discites, Nautilus, and Orthoceras. 


i New collections, which have recently been described, have increased 
these numbers to 239 species and at least 70 genera; 59 genera were deter- 
minable and of these 42 genera have so far been found only in Timor. 
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On the basis of the ammonites the following stratigraphy has 
been established: 


LocALITY IN Timor INDIA 

N A Upper | productus Limest 
eodyas marassi Middle | Productus Limestones 

Basleo 

Paleodyas (ias Upper Artinsk Series 
. (Авбаре 

Somohole Lower Artinsk Series 

Upper-Carboniferous ? 


Though brachiopods are abundant, they are not of great strat- 
igraphic importance and do not contain many new forms. They 
belong to the following eighteen genera: Rhipidomella, Strepto- 
rhynchus, Orthothetes, Derbyia, Chonetes, Strophalosia, Richtho- 
fenia (2), Lyttonia, Spirifer, Martinia, Spiriferina, Retzia, Cama- 
rophoria, Rhynchonella, Terebratula, Notothyris. Of the genus 
Productus nine different species have been described. 

The corals contain many new genera and species and show 
transitional forms between the well-known faunas of Paleozoic 
and those of Mesozoic. They belong to the following genera: 
_ Timorphyllum, Lonsdaleia, Lonsdaleiastrae, Clisiophyllum, Carci- 

nophyllum, Dibunophyllum, Plerophyllum, Polycoelia, Amplexus, 
Favosites, Pseudofavosttes, Stylonites, Pachypora, Heterocoenites, 
Striatopora, Michelinia, Trachypsammia, Aulopora, Cladochonus, 
Montlopora, Aulohelia, Palaeacis, Schizophorites, and Dictyopora. ` 
Of one of the described families, Trachypsammidae, nine of the 
genera and twenty-eight of the species not only are new but have 
been found only in Timor. 

The perfect state of preservation of all these fossils and the 
abundance of new species, which are not found in deposits of 
the same age in other parts of the world, are to be explained by 
the tufaceous character of the rocks from which the largest col- 
lections of well-preserved fossils have been made. Apparently 
falling volcanic ash from active volcanoes killed the animals 
quite suddenly, at the same time covering them with a protect- 
ing bed of ash, so that such fragile parts as the calyx of the 
crinoids were well preserved. 
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The nearest relatives of all the Permian faunas investigated 
up to the present time are to be found in the Permian of the 
Alps, of Sicily, of the Urals, of the Salt Range, and in the 
Himalayas, while the Permian sediments of Timor also corre- 
spond to a marked degree with the Wichita formation of North 
America. We thus see that the Tethys geosyncline, which is 
usually thought of as being most characteristic of Mesozoic time, 
was well marked in the Permian and extended from the Mediter- 
ranean area to the East Indian Archipelago. But a certain in- 
dependence appears in the development of the faunas, so that 
the connection between them was not always open. This is not 
surprising because littoral sediments were the principal deposits 
formed in this geosyncline during Permian time. 

The presence of fossiliferous Permian beds has also been 
noted in other islands of the Timor row (Savu, Rotti, Letti, 
Luang and Babber). On Letti, an island to the east of Timor, 
the Permian beds are greywackes, shales, sandstones and lime- 
stones. A series of metamorphic sediments and basic eruptives 
found here are also supposed to be of Permian age. The fossils 
consist chiefly of brachiopods, ammonites, Fusulinidae and cri- 
noids, which are supposed to belong to the lowest part of the 
Permian. It is a matter of stratigraphical importance that simi- 
lar, if not identical, ammonites are found in the Irwin River 
coal-field in Western Australia. The ammonites described from 
Letti belong to Paralegoceras, Agathiceras and Propinacoceras. 
Gastrioceras of the Irwin River coal-field is similar if not identical 
to Paralegoceras. 


Other Late Paleozoic Areas 


In New Guinea Paleozoic rocks, which are in part of Permian 
age, occur in the high central range and in the northwestern 
peninsula. They consist of sandstones, shales, marls and lime- 
stones with corals, crinoids, brachiopods and trilobites. 

Partly metamorphosed rocks, such as have been mentioned 
from Sumatra, are of widespread occurrence on the larger is- 
lands of Borneo and Celebes and on several of the smaller is- 
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lands, particularly Ceram and Buru. As to whether these rocks 
are partly of Permian and Carboniferous age, the same considera- 
tions as those given with regard to the older Paleozoic rocks are 
applicable. 


From what has been stated above, it is evident that Upper 
Paleozoie rocks, and particularly Permian, are widespread in the 
East Indian Archipelago. But in many places the age of the 
beds is still uncertain and the data are not yet sufficiently com- 
plete to indieate where the lower boundary line of the Permian 
is to be drawn. 

Glacial beds, which are so wonderfully developed in India and 
Australia, have not been found among the upper Paleozoic rocks 
of the East Indies. 


MESOZOIC 
TRIASSIC 


The Triassic is exhibited in its most varied development on 
the Timor row of islands, where several different facies repre- 
senting simultaneous periods of deposition under widely different 
conditions are now found together. Intense folding with over- 
thrusting has caused their present juxtaposition. Of all these 
facies only one, the cephalopod, is found from Lower to Upper 
Triassic, and this only on Timor. The Scythian and Anisian are 
definitely known in this facies only. , 


Timor 
Lower Trias (Scythian) 

Fossiliferous beds of Lower Triassic are found in a facies 
similar to that of the well-known cephalopod limestones of Hall- 
statt in Austria (Plate У А). They have been divided as follows: 

3. Sibirites limestones 

2. Owenites limestones 

1. Meekoceras limestones. 
The Meekoceras limestones are partly crinoidal limestones with 
tufaceous material. Thirteen species of ammonites, belonging to 


А. LOWER TRIASSIC CEPHALOPOD LIMESTONE NEAR LIDAK, CENTRAL TIMOR 
(after H. G. Jonker) 


B. UPPER TRIASSIC CEPHALOPOD LIMESTONE IN THE RIVER BIHATI OF WESTERN 
TIMOR 
(after H. G. Jonker) 
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the following genera, have been described: Pseudosageceras, 
Flemingites, Xenodiscus, Meekoceras, Otoceras, Prenkites, Vish- 
nuttes. These limestones seem to be of the same age as the 
Otoceras and Meekoceras beds of the Himalayas, taken together. 
Cephalopod limestones and marls with a quite different fauna 
have been described as Ophiceras limestones, but are considered 
to be of about the same age. The following genera have been 
found in these rocks: Ophiceras, Xenodiscus, Flemingites, Aspidi- 
tes, and Proptychites. No American fossil types have yet been 
found in the Meekoceras limestones. 

The fauna of the Owenites limestones, in which twenty-six 
different species of ammonites have been described, is probably 
of about the same age as the Hedenstroemia fauna of the Himala- 
yas and the Ceratites sandstone (and perhaps the Upper Cera- 
tites limestone) of the Salt Range. As in Albania, numerous 
American types are represented in this horizon. The following 
genera are represented: Flemingites, Xenodiscus, Vishnuites, 
Owenites, Aspenites, Nannites, Prionites, Kashmirites, Ussuria, 
Meekoceras, Tirolites, Hanielites. 

The Sibirites limestone of Timor probably represents the 
highest part of the Upper Ceratites limestone of the Salt Range 
and the zone with Sibirites spiriger in Byans. Along with the 
cephalopods some pelecypods, e.g. Pseudomontis and gastropods, 
are found in the Lower Trias of Timor. 


Lower Middle Trias (Anisian) 


The cephalopod limestones of the Anisian Trias have been 
found in loose blocks of a reddish color containing crinoidal 
remains and tufaceous material. Many species of ammonites 
are found only in Timor. They belong to the following genera: 
Ceratites, Keyserlingites, Florianites, Aerochordiceras, Procladiscites, 
Romanites, Parasageceras, Megaphyllites, Monophyllites, Gymnites, 
Japonites, Sturia, Ptychites, Xenaspis, Syringoceras and Mojsvar- 
oceras. Moreover a new species of Orthoceras has been described; 
pelecypods, gastropods and brachiopods are also found. ; 
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Upper Middle Trias (Ladinian) 

Except for the cephalopod limestones, which are found from 
Lower to Upper Trias, some of the other Upper Trias facies, 
such as shales and marls with Daonella, shales with Globigerinidae, 
radiolarites and a series of sandstones and shales, which is similar 
to the Flysch of the Alps, are in part of Middle Triassic age. 
The lowest horizon in which these facies are developed is not yet 
exactly known. 

The ammonites and nautiloids of the Ladinian Trias are 
found in dark red manganese-bearing limestones, and calcareous 
tuffs. Joannites cymbiformis and Monophyllites simonyi are 
found in all the localities. Of the described species, which belong 
to the following sixteen genera, many are known only in Timor: 
Isculites, Clionites, Pterotoceras, Protrachyceras, Trachyceras, Pro- 
arcestes, Joannites, Cladiosites, Sageceras, Pinacoceras, Megaphyl- 
lites, Monophyllites, Hungarites, Sturia, Ptychites and Syringoce- 
ras. Several species of Orthoceras and Atractites have also been 
found, as well as other fossils belonging to the following forms: 
brachiopods, Spiriferina; lamellibranchs, Avicula, Daonella, Lima, 
Nucula, Megalodus, Gonodus (?); gastropods, Pleurotomaria, Pseu- 
domurchisonia (2), Brochidium, Patella (2), Coelostylina (2), Lis- 
sochilina. In the pelecypod facies of the Ladinian Trias different 
species of Daonella occur. 


Upper Trias (Carnian and Norian) 


The following rocks belong to the Upper Trias: 

1. Cephalopod facies. — Reddish and yellowish to white cephalopod 
limestones with interbedded tufaceous material. They are some- 
times entirely filled with ammonites, nautiloids, Aulacoceras, 
Dictyoconites, Atractites and Heterastridium and contain pelecy- 
pods, gastropods, foraminifera and some brachiopods (Plates 
VB and VIA). Some species of the ammonites are rep- 
resented by a great abundance of individuals. The ammon- 
ites belong principally to the leiostrake forms Arcestes, Clad- 
азсйез, Discophyllites as in the Alpine cephalopod limestones 
near Hallstatt; some trachyostrake forms are, however, abun- 
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dant, as Halorites (сї. macer Mojs). To date one hundred 
and eighty-one species of ammonites and thirty-five nautiloids 
have been described, which belong to the following genera: 
Halorites, Jovites, Amarassites, Isculites, Juvavites, Dimor- 
phites (?), Anatomites, Malayites, Gonionotites, Griesbachites, 
Molengraaffites, Indonesites, Sagenites, Trachysagenites, Didy- 
mites, Tropites, Anatropites, | Paratropites, | Discotropites, 
Styrites, Margarites, Sibirites, Miltites, Helictites, Thisbites, 
Trachypleuraspidites, Clionites, Steinmannites, Dionites, Cyrto- 
pleuriles, Choristoceras, Paratibetites, Anatibetites, Neotibetites, 
Metacarnites, Ectolcites, Distichites, Waldthausenites, Siren- 
ates, Sandlingites, Cladiscites, Hypocladiscites, Paracladiscites, 
Proarcestes, Arcestes, Pararcestes, Stenarcestes, Joannites, Pi- 
nacoceras, Placites, Sturia and Discophyllites. The nauti- 
loids belong бо Paranautilus, Proclydonautilus, Syringoceras, 
Gryphoceras, Pleuronautilus, Phloioceras and Orthoceras. 

The brachiopods belong to Rhynconella and Koninckina; 
the lamellibranchs to Halobia, Lima, Pecten, Prospondylus, 
Terquemia, Dimyodon, Pergamidia, Timoria, Myochoncha, 
Palaeoneilo (2), Nucula, Myophoria, Gonodus (2), Rhaetidia, 
Cardiomorpha (?); the gastropods to Pleurotomaria, Ko- 
kenella, Murchisonia, Trochus, Naticopsis, Hologyra, Neri- 
taria, Patella (2), Natica, Scalaria, Loxonema, Chemnitzia (2), 
Operculum and Otholithus. 

2. Pelecypod facies. — Mostly light-colored limestones with Halo- 
bia, brownish and reddish limestones with Halobia, asso- 
ciated with marls and with shales and cherts partly filled 
with radiolaria; grey and brownish, partly siliceous lime- 
stones and cherts, reddish and grey calcareous shales with 
some Monotis; grey, reddish-brown and greenish clay shales 
and calcareous shales and dark calcareous shales in which 
Halobia is found. 

3. Fatu! limestone facies. — Masses of light-colored unstratified 
or very indistinctly stratified mostly oolitic limestones, coral 


1 Fatu is a name given by the natives of Timor to the peculiar more or 
less isolated rocks or groups of rocks that rise abruptly from the usual gently 
contoured hills. 
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reefs, stratified brownish and reddish limestones with pele- 
cypods, ammonites and some gastropods and brachiopods. 
The fauna of the Fatu facies belongs to the following forms: 
anthozoa, Thecosmilia, Isastraea, Montlivaultia, Stylophyllop- 
sis, Myriophyllia, Procyclolites, Astraeomorpha, Spongiomorpha, 
Pachypora, Lovcenipora — L. vinassai (very abundant); hydro- 
zoa, Circopora, Stromaporidium, Disjectopora, Stromatopora; 
sponges, Hymatella, Leiospongia, Stellispongia, Corynella, 
Molengraaffia, Steinmannia, Welteria, Amblysiphonella (?); al- 
gae, Solenopora; bryozoa, Monotrypella; brachiopods, Halo- 
rella, Misolia, Aulacothyris, Rhynconella, Spiriferina, Spirigera 
(2), Dielasma, Terebratula; lamellibranchs, Pecten, Palaeocar- 
dita, Avicula, Cassianella, Pinna, Gervilleia, Lima, Entolium, 
Nucula, Leda (2), Myophoria, Myophoriopis (2), Trigonia, 
Astarte (?), Dicerocardium, Cornucordia, Gonodus, Protocar- 
dia (2), Isocyprina (?); gastropods, Pleurotomaria (2), Holo- 
gyra, Naticopsis, Natica, Scalaria, Loxonema, Protorcula, 
Turritella. Some of the forms noted above are from Portu- 
guese Timor. | 

4. Flysch facies. — Grey sandstones with quartz and muscovite; 
grey-black, greenish or brownish-red clay shales, which of- 
ten contain concretions rich in iron, and thin beds of marls; 
breccias (partly echinoderm limestone breccias with stems of 
Isocrinus). This facies of Upper Triassic age with Daonella 
resembles petrographically the Late Mesozoic and Eocene 
Flysch of the Alps and Carpathian Mountains. 

5. Basic eruptive rocks. — Similar to those found in association 
with the Upper Paleozoic rocks. In the Flysch facies no 
basic eruptive rocks are found. They are, however, some- 
times found clearly intruded into the Upper Trias, in which 
case they are obviously younger. 


Rhaetic 


The upper Norian beds pass upward through beds of some- 
what doubtful correlation into the Jurassic. Very little is known 
about the Rhaetic as compared with the widespread Carnian 


Historical Geology 23 


and Norian Trias. The cephalopod facies is perhaps represented, 
because it is found again in the Lower Jura. Bituminous lime- 
stones and dark shales with Choristoceras and Myophoria are of 
Rhaetic age. 


Other Islands of the Timor-Ceram Arc 


The cephalopod facies is found only in Timor. Because only 
this facies is found from Lower to Upper Triassic, there is no fos- 
siliferous Lower Trias known on any other islands of the Archi- 
pelago. The pelecypod facies is found on most of the other islands 
of the Timor arc. On Savu and Rotti (Plate VI B), Halobia 
limestones and also sandstones with quartz and mica are found. 
Similar rocks are known from Letti, Babber, the Tenimber Is- 
lands and some small islands farther north. Sometimes cherts 
full of radiolaria are associated with these rocks in which the 
fossils belong to the Upper Trias (Carnian and Norian). 

In Ceram the Flysch facies has a great development — in- 
terbedded sandstones, shales, and the like, in which fossils are 
very rare. Monotis salinaria, Halobia, Myophoria and Trigonia 
have been found in limestones and soft clay shales, which proves 
their Upper Triassic age. Moreover different and somewhat mas- 
sive limestones with pharetrones, corals, hydrozoa, brachiopods 
(Halorella and Misolia) and some pelecypods are found. The 
Flysch facies is also found on Ambon and Вага. On the latter 
island a series of dark bituminous limestones and calcareous shales 
(Fogi beds) is rich in pelecypods and gastropods, while the am- 
monites are represented almost entirely by numerous individuals 
of Neotibetites. Pecten clignetti and Neotibetites weteringi are very 
numerous and found at various places. These rocks are consid- 
ered as Lower Norian in age. Massive limestones similar to 
those of Ceram occur in Buru, sometimes interbedded with the 
Fogi beds. 


Misool 


On this island to the north of Ceram several horizons which 
are rich in fossils and which belong to the Carnian and Norian 
Trias have been found. They are: First, the Carnian Neckian 
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beds with a Flysch-like facies, in which several different species 
of Daonella and Halobia have been found; second, the Nucula 
beds; greyish-black calcareous shales and dark limestones with 
many pelecypods, gastropods, cephalopods, some foraminifera, 
corals, crinoids and worms; third, the Athyrid limestone, dark 
limestones partly filled with brachiopods, belonging principally 
to Misolia misolica. The Nucula beds are considered to be of 
Lower Norian age and this horizon is very similar to that of the 
Fogi beds in Buru. The Athyrid limestone is probably of Middle 
Norian age. 


Sumatra 


Upper Trias beds have been found in northern Sumatra and 
in the Highlands of Padang in the central part of the island. 
The beds in North Sumatra are grey and yellow clay shales with 
Halobia and Daonella, probably Lower Carnian in age; those in 
the Highlands of Padang near Lake Singkarah are clay shales, 
sandstones and limestones, probably Low r Norian in age, from 
which thirty-eight different species of pelecypods, опе gastropod 
and one scaphapod (Dentalium) have been described. Some of 
the genera are Cassianella, Halobia, Pecten, and Myophoria. The 
thirty-eight species belong to fifteen families and twenty-one 
genera with three subgenera. | 


Borneo 


In western Borneo Monotis salinaria has been found in a-se- 
ries of rocks consisting principally of sandstones and clay shales, 
which proves the presence of Upper Triassic rocks in this part of 
the island. It has been supposed that part of the metamorphie 
hornfels in western Borneo are also of Triassic age, while the 
exact age of several series of rocks which have been considered as 
Jurassic is not known and may be in part of Triassic age. 


Other Islands 
Recently Upper Triassic beds have been found on the island 


of Buton, southeast of Celebes, and in the Riouw Archipelago, 
near the Malay Peninsula. 
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JURASSIC 


Like the Triassic, the Jurassic is exhibited in its most fossil- 
iferous development in the eastern part of the Archipelago. Deep 
sea deposits are found in parts of Borneo and in the southeastern 
part of the Archipelago. In the Moluccas the deposits indicate 
a transgressing sea toward the north and a deepening of the 
Triassic basins at several places. In Sumatra the deposits are 
much metamorphosed and fossil evidence is very scarce. 


Timor and Rotti 

Deposits similar to the cephalopod, pelecypod and Fatu lime- 
stone facies of the Upper Triassic are known in the Lower Juras- 
sic. However the main development of the Lias consists of clay 
shales, limestones and argillaceous limestones of which the faunal 
characters are somewhat similar to those of the cephalopod and 
pelecypod facies of the Upper Trias. 
Lias 

The numerous fossils which have been found in the clay 
shales, calcareous shales, limestones and argillaceous limestones 
of Timor and Rotti prove that all the zones are represented. 
The cephalopods are particularly numerous, but pelecypods and 
brachiopods are also found, while gastropods are rare — Nerinea 
and Discohelix being the commonest. The cephalopods belong to 
several genera as: Rhacophyllites, Arietites, Orynoticeras, Aegoceras, 
Nautilus, Phylloceras, Lytoceras, Dactylioceras, Deroceras, Lipa- 
roceras, Schlotheimia, Tropidoceras, Harpoceras, Hudlestonia, Ana- 
lytoceras, Ectocentrites, Uptonia and Grammoceras; the brachiopods 
are Terebratula, Rhynchonella, Spiriferina and Hustedia; the pele- 
cypods are Pecten, Mytilus, Myophoria, Gonodus, Pseudopachymy- 
tilus (?), Nucula, Lima, Lithiotis, Gervilleioperna and Paradoxa. 


Dogger 

Rocks similar to those of Liassic age are also found in the 
Middle Jura, where Stephanoceras has been found. But the main 
facies seems to be a series of ferruginous сіау shales with con- 
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cretions of сіау iron stone in which Macrocephalites, Sphaeroceras, 
Stephanoceras, Phylloceras, Belemnites and Dicoelites are found. 


Malm 


More or less argillaceous limestones and calcareous shales 
with Belemnites, Perisphinctes, Oppelia, Inoceramus, Aucella and 
Rhynchonella are of Upper Jurassic (Oxfordian) age. Beds which 
often show the characteristics of deep sea deposits have been found 
associated with these rocks. In Rotti exceedingly well-preserved 
nodules of manganese are found in siliceous limestones and sili- 
ceous and calcareous clay shales with nodules and flat concre- 
tions of chert which are all full of tests of Radiolaria (Plate УП). 


Other Islands of the Timor-Ceram Arc 


In Letti to the east of Timor loose blocks of limestone with 
nodules of chert have been found, which are similar to the Up- 
per Jurassic of Timor and Rotti. In Babber Arietites, Phyl- 
loceras, Stephanoceras, Lytoceras and the lamellibranchs Posidonia 
and Goniomya have been found in a series of sandstones and clay 
shales, the latter often with concretions. This series is partly of 
Upper Triassic age. Belemnites prove the presence of the Ju- 
rassic on the islands of the Tenimber group farther to the east 
and the ferruginous clay shales with concretions of clay iron 
stone, which are of Middle Jurassie age in Timor and Rotti, are 
also found in these islands. On Ceram and Buru the Jurassic 
has a great development, but the Lias and Dogger seem to be 
absent. Calcareous shales with lamellibranchs (Inoceramus, Aucella 
malayomaorica) and Belemnites and siliceous limestones with nod- 
ules of chert and belemnites are considered to be of Upper Ju- 
rassic, partly Oxfordian, age. Tufaceous rocks in Buru with 
Phylloceras, Perisphinctes, brachiopods and pelecypods are of Lower 
Oxfordian age. 


Celebes 


In the eastern peninsula a series of greyish-blue shales with 
belemnites are of Jurassic age. Farther to the west in the 
same peninsula a series of limestones with nodules of chert and 
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A. UPPER JURASSIC MARL WITH RADIOLARIA AND CONCRETIONS OF MANGANESE, 
FROM THE ISLAND ОЕ ВОТТІ 


В. UPPER JURASSIC MARL WITH RADIOLARIA, FROM THE ISLAND OF ROTTI 
In these rocks nodules and layers of chert and concretions of manganese are found. 
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calcareous shales, in which Tertiary foraminifera have been found 
may be in part of Upper Jurassic age. Siliceous limestones, 
shales and cherts with Radiolaria are known from the cen- 
tral part of the island and from the northern peninsula; some- 
times associated with these rocks are tufaceous rocks with Radio- 
laria. Several authors have considered this series to be of 
Jurassic age. In black clay shales in the Lebutang River of 
Central Celebes traces of ammonites have been discovered; the 
rocks may be of Jurassie or Cretaceous age. 


The Sula Islands, Obi Islands and Misool 


The Jurassic beds of these islands have a very rich fauna. They 
are in many respects very similar to the famous Spiti shales in the 
Himalayas. The oldest fossiliferous Jurassic strata which are 
now known in the Sula Islands belong to the lowest part of the 
Middle Jurassic (Aalenian). Quartzitic sandstones without fossils, 
which cover the older sediments unconformably, pass upward into 
calcareous sandstones with brachiopods (Rhynchonella, Terebratula), 
pelecypods (Pecten, Lima, Ostrea, Arca, Cucullaea) and cephalopods 
(Hammatoceras, Rhopalobelus, Belemnites) —a fauna which belongs 
to the Aalenian. The younger Jurassic beds, which range in age 
from the Bajocian to the uppermost Jurassic, are principally dark 
ау shales and calcareous shales with numerous layers and concre- 
tions of calcareous (and sometimes quite siliceous) rocks. The 
fauna of the upper Bajocian is represented by Stephanoceras blag- 
deni and S. humphriesi; the Lower Callovian fauna consists prin- 
cipally of Posidonomya, Belemnites and Dicoelites, Phylloceras, Op- 
pelia, Stephanoceras, Sphaeroceras, Macrocephalites, Perisphinctes and 
Idoceras. The Oxfordian fauna is represented by forty-six spe- 
cies, of which four belong. to Rhynchonella, one to Terebratula, 
three to Inoceramus, one to Lima, one to Nucula, eight to Belem- 
nites, five to Phylloceras, one to Oppelia, nine to Macrocephalites, 
eight to Perisphinctes, and five to Peltoceras. The highest fossilif- 
erous horizon yet described is considered by some authors to be 
of Lower Cretaceous age and will be mentioned under the discus- 
sion of the Cretaceous. 
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In the Obi Islands very little is known about the distribution 
of the Jurassic beds, but black clay shales with ferruginous con- 
cretions and quartzitic sandstones found here probably belong 
to the Upper Bajocian, because Phylloceras and Stephanoceras 
humphriesi have been found in them. 

In Misool and the neighboring islands the Upper Lias is repre- 
sented by black сіау shales with Harpoceras. The lowest part of 
the Dogger is composed of calcareous, sometimes arenaceous and 
glauconitic, shales with numerous fossils, as the ammonites 
(Hildoceras, Harpoceras, Sphaeroceras, Phylloceras, Dactylioceras) 
belemnites and lamellibranchs. This series of rocks passes upward 
into clay shales with small belemnites and calcareous shales with 
Hammatoceras (Middle and Upper Dogger seem to be absent). 
These strata are followed by variegated tufaceous sandstones. 
which in turn pass upward into yellow sandstones and calcareous 
sandstones with Aucella (probably Oxfordian in age) and belem- 
nites; arenaceous limestones with grains of a green mineral and 
belemnites; limestones and calcareous shales with belemnites 
and lamellibranchs; calcareous shales and clay shales with Ino- 
ceramus; belemnites and ammonites which are of Upper Kim- 
eridgian or Portlandian age. Thus the Jurassic beds of Misool 
range in age from the Upper Lias to the uppermost Jurassic. 
No fossiliferous beds belonging to the Lower Lias are known and 
there seems to be a stratigraphic break between the Upper Trias 
(Norian) and the uppermost Lias. 


New Guinea 


To the north and to the south of the high central mountain 
range Jurassic rocks must be widespread, their existence having 
been proved in part by widely distributed pebbles. The develop- 
ment here seems to be similar to that of the Jurassic in the Sula 
islands, which has a wide horizontal distribution, being found in 
the Himalayas, the Karakoram, Nepal and Sikkim, the Nether- 
lands East Indies, Papua and New Zealand. 

The Upper Jurassic (Oxfordian) is represented in the north- 
western peninsula by dark shales with Inoceramus and Belemnites. 
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Fossiliferous Lower Callovian and Upper Bajocian with am- 
monites (Macrocephalites, Phylloceras, Stephanoceras, etc.), belem- 
nites and pelecypods have been found between the Gulf of Mac- 
Cluer and the Geelvink Bay; Perisphinctes and Inoceramus (Upper 
Jurassic or Lower Cretaceous) occur among the pebbles ої a 
tributary of the Mamberamo River farther to the east in the 
northern part of the island. Near Etna Bay the Upper Jurassic 
is represented by a metamorphic development of phyllitic shales 
with concretions of erystalline limestone. Pebbles consisting of 
black ellipsoidal concretions found in the river Tawarin near the 
north coast at 139 degrees and 45 minutes East Longitude, with 
the ammonites Phylloceras strigile, Hoplites wallichi and Inocera- 
mus, prove the existence of Lower Malm and the uppermost 
Jurassic or Lower Cretaceous. Pebbles of limestone, sandstone 
and siliceous shale with /noceramus, belemnites, Stephanoceras, 
and the like, have been found in several of the large rivers which 
flow to the south coast in the Dutch part of the island. 


Sumatra 

Rocks which are similar to the dynamometamorphic Mesozoic 
Bündnerschiefer of the Alps are the phyllitic and silky slates 
with interbedded sandstones, quartzites and some limestones, 
which are of widespread occurrence in Sumatra. The earliest in- 
vestigators assumed these rocks to be very ancient, but it is now 
known not only that they are not necessarily very old but that 
they are in part, at least, of Mesozoic age. 

In Djambi some rare fossils identify these rocks as partly of 
Jurassic age. Probably Lower Jurassic is evidenced by Penta- 
crinus, corals similar to Montlivaultia, a fragment of Belemnites; 
pelecypods (Astarte, Lucina, Cypricardium, and the like) may 
belong to the Middle Dogger. Limestones with Myriopora and 
Itieria found in the central part of the island in Gajoh and Djambi 
probably are Upper Jurassic in age. 


Borneo 


In the western part of the island the Lias is represented by 
dark, partly calcareous clay shales and sandstones with Har- 
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poceras radians and lamellibranchs. The Dogger is probably rep- 
resented by sandstones, сіау shales, calcareous shales and some 
beds of limestone, in which lamellibranchsand gastropods (Exelissa) 
are numerous. Clay shales associated with arenaceous clay shales 
and sandstones, in which Perisphinctes has been found, may rep- 
resent the Upper Jurassic. 

In the central Borneo mountain chains, which stretch in an 
east-westerly direction along the upper courses of the rivers 
Kapuas and Mahakkan, there is a series of rocks of widespread 
occurrence which is called the Danau formation. The rocks are 
diabases, diabase tuffs, diabase porphyrites, quartzites, siliceous 
slates, jasper, hornstone, clay shales and sandstone. Radiolaria 
are numerous, particularly in the hornstones and other siliceous 
rocks, and in the diabase tuffs. The Radiolaria seem to indicate 
a Jurassic age, but the series may be in part of Triassic as well. 
The equivalents of the recent red clay and Radiolarian ooze 
‚ formed in the deeps of the sea prove that very important move- 
ments of the earth’s crust must have taken place since Mesozoic 
time in a region which is now essentially part of a continental 
mass, so far as stability is concerned. 


CRETACEOUS 


The Lower Cretaceous is known with certainty only on the 
Sula Islands, New Guinea and Sumatra; the Upper Cretaceous 
has a much more extensive development. 


The Timor—Ceram Arc 


On the islands of this are there is an extensive development, 
which is in part of Jurassic age, of more or less siliceous lime- 
stones and siliceous or calcareous clay shales in which nodules 
and flat concretions of chert are often found. A part of this 
series belongs in Upper Cretaceous. The Cretaceous limestones 
and shales contain Tetularidae (Pseudotextularia globulosa), 
Discorbina canaliculata (Globigerina linnaeana, Rosalina linnei), 
Globigerinidae (Globigerina cretacea, Globigerina bulloides, Glo- 
bigerina aequilateralis), Orbulinaria (O. sphaerica, О. ovalis). 


PEALE VILE 


А. CONCRETIONS OF MANGANESE IN UPPER CRETACEOUS DEEP SEA RADIOLARIAN 
CLAY, WITH TEETH OF SHARKS, FROM ALONG THE BANKS OF THE 
Моп, TOBEE OF CENTRAL Timor (after Н. G. Jonker) 


В. RADIOLARIA IN SOFT WHITE MARLS OF PROBABLE PLIOCENE AGE, 
FROM THE ISLAND OF Боттг 
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Radiolaria are also found in these rocks which are of widespread 
occurrence on the principal islands of the Timor-Ceram arc 
(Rotti, Timor, Letti, Tenimber Islands, Ceram and Buru). They 
have a wide horizontal development not only in the Archipelago, 
but in foreign areas as well. The Upper Cretaceous “couches 
rouges”” and Seewer beds of the European Alps show a remark- 
ably similar lithological and faunal character. 

A most interesting occurrence of red deep sea clay shale of 
Upper Cretaceous age in the island of Timor (Noil Tobe near 
Niki Niki) deserves special consideration. Besides numerous nod- 
ules of manganese (Plate VIII A), the clay shale contains a 
great number of fragments of teeth, for the greater part of Elas- 
mobranchii. By far the greater part of the teeth belong to the 
sharks of the family Lamnidae. The manganese nodules possess 
a distinctly concretionary structure and a shark’s tooth is some- 
times found to be the nucleus. Remains of Radiolaria are found 
in the clay shale and nodules with teeth which show exactly 
what might be expected from teeth found in deep sea deposits. 
Some of the larger Lamna teeth, for instance, are in the same 
condition as those found by the Challenger and other expeditions, 
in recent red clays from the deep sea. 


Celebes 


The stratigraphy of this island has not yet been well worked 
out. There is a great deal of difference of opinion among the 
various authors who have studied the region as to the proper 
correlation of the strata. A series of red clay shales and calca- 
reous shales with Globigerinidae is considered as partly Upper 
Cretaceous and partly Eocene in age. Globigerina limestones pass 
upward into massive white limestones with coralline structure, 
the lowest beds of which are considered to be Upper Cretaceous, 
and the upper beds to be of Eocene. There are several points 
of similarity between these rocks and those of the Timor-Ceram 
arc. 

For a reliable statement as to the age of several other se- 
ries of rocks from the island, more information must be obtained. 
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The Sula Islands and Misool 

The lowest Cretaceous beds of the Sula Islands in the “Spiti 
shales facies" is considered by some authors as uppermost Juras- 
sic. Fifteen different species have been described of which two 
belong to Anopaea, one to Mytilus, one to Nucula, one to Phyl- 
loceras (P. strigile), опе to Lytoceras, two to Bochianites, one to 
Streblites, four to Hoplites and two to Himalayites. 

It is possible that the Globigerina limestones, which are 
known from the Sula Islands and from Great Obi, are Upper Cre- 
taceous, but the characteristic species, which have been men- 
tioned from the Upper Cretaceous of the Timor—Ceram arc, are 
lacking here. 

The Cretaceous rocks of Misool are different from those of 
the Sula Islands and also from those of the Timor-Ceram arc. 
A series of calcareous shales, impure limestones and calcareous 
sandstones with Inoceramus, Radiolites, Holaster, Hemiaster, Os- 
trea, Pachydiscus and Discorbina are not older than Senonian and 
they rest upon limestones with nodules of chert and the typical 
Foraminifera — Globigerinidae and Textularidae — of Upper Cre- 
taceous age, which have been described from the islands of the 
Timor-Ceram are. As between the Upper Trias (Norian) and 
the Upper Lias of Misool, there seems to be a stratigraphical 
break between the Upper Jurassic and the Upper Cretaceous. 


Halmaheira 

In the northern peninsula of the island of Halmaheira reddish 
and grey limestones with interbedded tufaceous material are 
found to contain an Upper Cretaceous fauna with Discorbina 
canaliculata, Pseudotextularia and Globigerinidae. Radiolaria are 
also found in similar rocks. Limestones and cherts full of Radio- 
laria may be of older Mesozoic, possibly Jurassic, age. 


New Guinea 

In the “Бр shales facies," rocks similar to those from the 
Sula Islands are found. These rocks have been described from 
the river Tawarin (1397 45" East Longitude) near the north 
coast and are considered as Lower Cretaceous in age. 
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Sumatra 


The Jurassic dynamo-metamorphic rocks pass upward into 
similar rocks of Lower and Middle and perhaps even Upper 
Cretaceous age. The Lower Cretaceous rocks are calcareous 
sandstones with Nerinea, while in the same region (Djambi) the 
Lower Valanginian with Neocomites, Thurmannia, Kilianella, 
Oosterella, Astieria, Spatangidae and lamellibranchs has been 
found. Basic tufaceous and effusive rocks and interbedded lime- 
stones with Loftusia in south Sumatra are probably Upper Cre- 
taceous. Black limestones with corals (Actinacis) in northern 
Sumatra (Langkat) seem to be Upper Cretaceous. 


Java 


Near the river Loh Ulo in the residencies of Bagelen and 
Banjumas, Orbitolina concava has been found in a limestone which 
belongs to a series of serpentine, chlorite, tale and mica schists, 
serpentine breccias, green sandstones and clay shales. Associated 
with these rocks are diabase, gabbro, quartz porphyry and loose 
blocks of granite, which may be, in part at least, of the same age. 
Lithologically similar rocks are found near the Tjiletu Bay in 
western Java and near Djiwo in the residency of Surakarta. 


Borneo 


In the western part of the island a series of sandstones, grey- 
wackes, shales and more or less impure limestones of Cretaceous 
age is of widespread occurrence. Orbitolina concava, the ammo- 
nites Knemoceras and Schlénbachia, gastropods and lamellibranchs 
prove the presence of Cretaceous rocks, which are certainly in 
part Upper Cretaceous. 

Basal conglomerates of Cenomanian age have been found in 
different places. In some regions the transgression seems to be 
somewhat older than Cenomanian, because coarse-grained sand- 
stones near the river Landak in western Borneo with /tierza, 
Nerinea, Arca, Mytilus, Exogyra and other lamellibranchs are older 
(Lower Cretaceous, perhaps Gault). 

In central Borneo near the river Silat, the Cenomanian beds 


34 Geology of the Netherlands East Indies 


with Orbitolina concava pass upward into sandstones and clay 
shales, which are separated by a slight unconformity from an 
Upper Cretaceous formation with numerous molluscs from brackish 
and fresh water. 

In southeastern Borneo occurs a series of shales, conglomer- 
ates, sandstones, and limestones of white, brownish, reddish, grey 
and black colors. These rocks have yielded a Senonian fauna 
(Ostrea, Nerinea, Radiolites, Strombus, etc.). Limestones with Or- 
bitolina concava, (Cenomanian) have aiso been found in this part 
of the island. 


TERTIARY 


The Tertiary rocks cover an enormous surficial area of the 
Archipelago, particularly on the large western islands. It was 
during the Tertiary era that the most important surface features 
of the western part of the Archipelago were acquired. We shall 
make here but a brief review of the Tertiary as a whole, omitting 
a detailed account of particular regions, for which we refer to the 
literature discussing the deposits of the various islands. 

It is difficult to apply the European subdivisions of the Ter- 
tiary (Eocene, Oligocene, Miocene and Pliocene) to the Tertiary 
sequence of rocks as found in the East Indian Archipelago. The 
paleontological evidence, as indicated by the distinct character of 
the Foraminifera, permits a precise separation of the Eocene from 
the Oligocene, but in the younger divisions the genus Lepido- 
cyclina, for instance — although it seems to have its principal 
distribution in the Lower Miocene — is being found more and 
more in younger rocks. Martin has used another method for 
determining the age of the Tertiary deposits, particularly those 
of the island of Java. Не finds the age by means of the degree 
of the affinity of the fossils to the living faunas of the Indo-Pa- 
cific region, particularly, by estimating the percentage of recent 
species in the different deposits. Many difficulties are encoun- 
tered with this method because the percentage estimates cannot 
be made without limitations. In similar Neogene (equivalent 
to Miocene and Pliocene) sediments of Europe and the East 
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Indies the deposits in the latter region contain a higher percent- 
age of living species than do the former, because there were 
fewer factors that would here tend to modify the species. 

We shall give a brief review of the Lower and the Upper Ter- 
tiary formations separately, the boundary between the two being 
the base of the Aquitanian. 


Lower Tertiary 


There is a difference between the facies of the Lower Tertiary 
in the western and that in the eastern part of the Archipelago. 
In the western part the deposits are largely of terrigenous origin. 
They consist largely of conglomerates, sandstones, shales and 
coal seams. Most of the coal exploited in the Netherlands Indies 
comes from Old Tertiary deposits. In the southeastern part of 
Java it has been noted that the more coarsely grained terrige- 
nous deposits decrease towards the north, and from this it has 
been concluded that their source was some land-mass lying to the 
south of the present islands. The evidence for the existence of 
such an old land-mass, which is known as Gondwana Land, in 
the area now occupied by the Indian Ocean is manifold. In 
British India concurrently with the end of the Cretaceous or 
with the beginning of the Eocene, an era of great earth move- 
ments began. Two events, the breaking up of the old Gondwana 
Land and the uplift of the geosynclinal tract of the present 
Himalayas, stand out prominently in these crustal movements. 

The typical development of the Lower Tertiary in the east- 
ern part of the Archipelago consists of limestones with Nummulites 
and Alveolina — deposits which are not of terrigenous origin. As 
would be expected, minor amounts of these limestones are found 
in association with the greater deposits of terrigenous origin in 
the western part of the Archipelago. A similar condition obtains 
in the eastern part of the Archipelago, except that here of course 
the amount of terrigenous material greatly decreases and the 
limestones constitute the most important part of the deposits. 
For instance in southern Celebes both facies are found together, 
sandstones and shales with coal seams occurring at the base of 
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the Eocene and limestones with Nummulites and Orbitordes rest- 
ing upon them. These limestones are partly of Miocene age. 

In several places the Lower Tertiary is rich in material of 
voleanic origin. A series of eruptive breccias and submarine 
tuffs, with transitions to normal sediments is known in the 
Lower Tertiary of Java, Celebes and Halmaheira. 

The more or less open marine communication between the 
East Indies region and the Mediterranean region of Europe, 
which had been in existence as the Sea of Tethys since Mesozoic, 
and even since a part of Paleozoic time, was cut off in Eocene 
time, as is proved by the faunal evidence. A great upheaval of 
the vast pile of sediments that had been accumulated in the 
Tethys geosyncline began while the Tethys Sea was replaced by 
isolated basins many of which disappeared entirely in the Upper 
Tertiary. 


Upper Tertiary 


In the lowest part of the late Tertiary the greater part of the 
present Archipelago was below the sea. On the other hand, 
parts of the areas occupied by the present seas were above sea- 
level in Neogene time. A continuous land-mass connected a great 
part of the present island of Borneo with the Malay Peninsula 
and extended over a part of the present Java Sea area. This land- 
mass was bordered along its southern and eastern coasts by a geo- 
synclinal area in which the sediments of the present oil-bearing 
belt of eastern Sumatra, northern Java and eastern Borneo were 
formed. Certainly parts of the present sea-basins in the eastern 
archipelago were above sea-level in Neogene time, but the dis- 
tribution of the lands in this region cannot with any degree of 
certainty be reconstructed. During and after the period of 
sedimentation of the Neogene strata much of the present land 
was upheaved above the sea, particularly the mountain chains 
of western Sumatra, southern Java and the sediments of the geo- 
syncline to the north. The general upheaval of the islands in 
the eastern archipelago took place in late Pliocene and Pleisto- 
cene time. A more detailed account of the rising rows of islands 
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in the eastern part of the Archipelago will be given in a later 
chapter dealing with the major tectonic features. 

In general the deposits of Neogene age consist of sandstones, 
shales and limestones. At several places the Upper Tertiary is 
rich in materials of volcanie origin. Considerable quantities of. 
lignite are also found. A rather constant horizon of Aquitanian 
age is an Orbitoides limestone, which represents the boundary 
between the Old and the Young Tertiary. In the geosynclinal 
area along the southern and eastern coasts of the Neogene Sunda 
Land, several different facies are known. In north and in cen- 
tral Sumatra the principal materials are clays and sands. Пе- 
posits of lignite are rare in northern Sumatra, but increase toward 
the southeast. The deposits in southern Sumatra are mainly 
sands, clays and lignite. In western Java the development is 
still similar, but toward eastern Java and Madura, where the 
Young Tertiary deposits consist mainly of strata rich in lime, 
the clays, sands and lignite decrease. In eastern Borneo clay, 
sands and lignite are again the principal deposits. If we sup- 
pose that the lime content increases in the deposits in proportion 
as they are removed from the land, then the region of eastern 
Java would be situated at the greatest distance from the shores 
of the original Sunda Land. 

As examples of the subdivisions of the East Indian Tertiary 
the following tables from two different regions are given. The 
publications covering this subject are far too numerous to be 
given even in summary in this account. 
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VERTICAL DISTRIBUTION OF THE FORAMINIFERA IN THE TERTIARY 
ок EASTERN BORNEO * 


PLIOCENE Clay with Operculina complanata, Rotalia schroeteriana, 
Polystomella craticulata, Calcarina spengleri 


Marl with Rotalia (cf. papillosa) and Operculina complanata 


YOUNGER Marl with Cycloclypeus annulatus, С. communis, Lepidocyclina 
MIOCENE glabra, L. angulosa, Operculina complanata, Amphistegina 
species. Marl with Miogypsina irregularis, Lepidocyclina 
Jerreroi, Polystomella craticulata, Gypsina globulus, Amphis- 
tegina lessoni, Operculina complanata 
Limestone with Cycloclypeus, Lepidocyclina, Amphistegina, 
and Operculina 


Marl with Lepidocyclina glabra, L. angulosa, L. sumatrensis 
var. minor, Miogypsina polymorpha 


Marl and limestone with Miogypsina lifida, Lepidocyclina 

OLDER ferreroi, L. glabra, L. angulosa, L. sumatrensis var. umbili- 
MIOCENE cata, L. flexusa, and L. acuta, Alveolinella bontangensis, 
Cycloclypeus communis, Gypsina globulus, Rotalia beccarii, 

Heterostegina (cf. depressa), Operculina complanata, and 

Amphistegina sp.; marl and limestone with Miogypsina 

bifida; marl with Miogypsina thecidaeformis, Lepidocyclina 

acuta, L. flecuosa, L. ferreroi, L. sumatrensis var. inornata, 

Cycloclypeus communis, Alveolinella bontangenesis, Gypsina 

globulus, Operculina complanata and Amphistegina lessonii 

Marl and limestone with Lepidocyclina formosa, L. inflata, 

——— — — L. sp. Limestone with Lepidocyclina insulaenatalis, L. (cf. 
OLIGOCENE muniert) Spiroclypeus (2), Operculina, Amphistegina, Car- 


penteria (cf. conoidea) and Globigerina 
EOCENE Limestone with Orthophragmina and Nummulites 


* Rutten, L., Samml. Geol. Reichs Mus. Leiden (Series I), Band IX 
(1914), p. 287. 
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TERTIARY FORAMINIFERAL Rocks FROM NETHERLANDS NEW GUINEA * 


In littoral facies hardly separable from Young Miocene with- 

PLIOCENE out the aid of Mollusca or the lithological character. In 
pelagic facies with Globigerina, Sphaeroidina, Pulvinulina 

In littoral facies characterized by the disappearance of Lepi- 


YOUNG docyclina and the rarity of Cycloclypeus. In pelagic facies 
MIOCENE characterized by Globigerinidae together with small speci- 
mens of Lepidocyclina 
OLDER Without Nummulites (with the exception of the still living 
MIOCENE Nummulites cuminghit), with numerous Lepidocyclina, 
and Myogypsina, and Cycloclypeus; at other localities also 
OLIGOCENE with Alveolinella bontangensis 
(Partly) 2 
OLIGOCENE With rare Nummulites, Alveolinella bontangensis and Sorites 
(Partly) martini, at other localities with rare Nummulites and 
Lepidocyclina 
EOCENE With Nummulites, Orthophragmina and Alveolina s. str. 
QUATERNARY 


Evidence that there was a great climatic change in Pleisto- 
cene time is abundant in many regions that now enjoy a 
temperate climate. In tropical ог subtropical lands such ав 
Netherlands India such evidence is lacking, that is to say, there 
are no glaciated topography and no drift deposits left by the ice, 
except in the high mountain range of New Guinea. On this 
island there is evidence that the present snow-capped peaks are 
but remnants of what was once a much more extensive glaciation. 
Further exploration of these regions will bring to light more de- 
tails about this interesting question. There is of course indirect 
evidence for the existence of great ice-sheets elsewhere than in 
tropical regions during the Pleistocene. It has already been 
pointed out that the submergence of the Sunda and Sahul 
shelves was probably occasioned by a rise in the sea-level at. the 
end of Pleistocene time. This rise is best explained by the melt- 
ing of the great ice-sheets with the consequent increase in the 


* Rutten, L., Nova Guinea. Vol. VI, Livr. II (1914), p. 41. 
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volume of the oceans, and a further rise in sea-level in tropical 
regions because of the removal of the attraction of the sea water 
towards the great masses of ice in higher latitudes. 

The most dominant features of the geography of the present 
stable parts of the Archipelago were in existence during Pleis- 
tocene time, except of course the present Java Sea, which came 
into being with the close of Pleistocene. The general elevation of 
the islands in the unstable parts (the eastern part of the Archi- 
pelago and the portions bordering the Indian Ocean) has altered 
and is even now changing the topography in these still active 
areas. 

The most conspicuous rocks of the Pleistocene (partly Plio- 
cene) age are the upheaved fringing reefs of the unstable areas. 
More details about their distribution will be given in a later 
chapter dealing with the tectonics of the Archipelago. The 
lands in front of the newly uplifted mountains were rapidly 
filled up by the waste of the highlands, and both fluviatile and 
marine deposits of sandstones, clay, conglomerates and breccias 
were formed. In the regions with active and extinct volcanoes 
the Pleistocene is rich in deposits of volcanic origin. 


AGE OF THE IGNEOUS ROCKS 


The following groups of igneous rocks will be considered: 

1. Granitic to dioritic rocks 

2. Gabbros to peridotic (with some serpentines and diabases) 

3. Foyaitic to theralitic rocks 

4. Rhyolites and quartz porphyries, trachytes, and рог- 
phyries, dacites and quartz porphyrites, andesites and por- 
phyrites with keratophyres, alkali rhyolites, alkali tra- 
chytes, trachy-andesites 

5. Basalts, melaphyres, picrites, etc. (with a part of the ser- 
pentines and diabases) 

6. Phonolites, leucite and nepheline rocks, trachy-dolerites, 
tephrites and basanites, melilite basalts, limburgites and 
augitites 
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1. Granites, Diorites, etc. 


These rocks are in part of pre-Mesozoic, partly of Mesozoic, 
and some are even as young as Tertiary. 
Granitic pebbles in late Paleozoic rocks in Sumatra prove 
that a part of the granites is older than these sediments. It 
is known, however, that Меволоїс rocks belonging to this group 
` are of widespread occurrence. Late Paleozoic and Mesozoic sedi- 
ments have been metamorphosed near their contacts with these 
igneous rocks; at many places the Lower Tertiary rocks rest 
upon the eroded surface of the rocks. Of course if the metamor- 
phism is known only in late Paleozoic rocks, the intrusions can 
be of late Paleozoic age. Many of the granites of Sumatra and 
Borneo are supposed to be of late Mesozoic age, although the 
age of the pyrometamorphic sediments is often not exactly 
known. Granite, of probable Lower Cretaceous age, has been 
found in western Borneo, where it has been observed that a basal 
conglomerate of the Cenomanian with Orbitolina concava rests 
upon granite, pebbles of which occur in the conglomerate. The 
Danau formation, which is considered to be in part of Jurassic age, 
shows pyrometamorphism. 
Tertiary granites and diorites are known from several locali- 
ties, for example Celebes. 


2. Gabbros, Peridotites, Serpentines, etc. 


In the southeastern part of the Archipelago, e.g. Timor, 
basic intrusive rocks are associated with Permian sediments and 
in other places (e.g. Sumatra) diabases have been metamorphosed 
at the contact with granites, which are intrusive in young Paleo- 
zoic rocks. At least a part of these rocks and their widespread 
dynamo-metamorphic equivalents are of pre-Mesozoic (Late 
Paleozoic) age. 

Mesozoic intrusive and eruptive basic rocks are of wide- 
spread occurrence. On Sumatra they are pre-Eocene; on Java 
they are probably Cretaceous and on Borneo a part of them is 
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considered to be Cretaceous also. On Timor intrusive sheets 
of diabase have metamorphosed limestones of the Upper Triassic. 

The осситтепсе of Tertiary gabbros and peridotites is known, 
or their presence is highly probable, in Celebes and many other 
places. 

The serpentines included under this group are of peculiar 
interest because a part of them has been formed by the altera- 
tion of effusive rocks which may be of Tertiary age. In a follow- 
ing group these rocks will be referred to again. 


3. Foyaites, Theralites, etc. 


Rocks belonging to the group of the shonkinites and thera- 
lites are known from Timor and New Guinea where their age is 
unknown. 

In southern Celebes mica-foyaite, shonkinite, theralite, es- 
sexite and fergusite have been found. Some of these rocks oc- 
cur as laccoliths, intrusive sheets or other types of intrusives in 
Tertiary rocks. Similar alkali rocks have also been found in the 
central part of Celebes — mostly as pebbles however. The main 
part of the intrusions of alkali rocks in Celebes is probably of 
young Tertiary age. From Cape William on the west coast of 
central Celebes a leucite-amphibole rock is found where it has 
metamorphosed sandstones of Young Tertiary age. 


4. Rhyolites, Dacites, Andesites, Alkali-Rhyolites, 
Keratophyres, etc. 


Quartz porphyries and porphyries, quartz keratophyres and 
keratophyres, together with tuffs and conglomerates of these 
rocks, are frequently found in association with the Late Paleo- 
zoie (Permian particularly) deposits of Sumatra. In Djambi es- 
pecially good occurrences of these rocks have been noted and 
studied. 

Among the more or less basic rocks which are associated with 
the Permian and Lower Mesozoic sediments of Timor and adja- 
cent islands rocks of this group are also represented. In younger 


Historical Geology 43 


Mesozoic rocks on the islands of Buru and Misool, for instance, 
the more or less basic representatives of this group are asso- 
ciated with Upper Jurassic and Lower Cretaceous beds. 

The Tertiary was a period of great volcanic activity and on 
the islands of Sumatra, Java, Celebes and most of the smaller 
islands deposits of such origin are very common. In many 
places traces of volcanic action are also found in Upper Creta- 
ceous deposits. In a thick series of Косепе tufaceous rocks in 
Celebes, trachytic andesitic and liparitic materials are found and 
in Halmaheira dacitic and andesitic tufaceous rocks of the same 
age are found. A part of this series passes downward into the 
Upper Cretaceous. Of other Old Tertiary volcanic rocks the 
andesite breccias and tuffs of Java, which are in part at least of 
this age, should be mentioned. In several places the late Ter- 
tiary is rich in material of volcanic origin which belongs in part 
to this group. 

The youngest volcanic rocks, to which belong the eroded vol- 
canic mountains, the extinct and active volcanoes, cover large 
areas in and near the present unstable belts of the Archipelago. 
For the greater part these rocks are pyroxene andesites and more 
basic rocks, though amphibole andesites, dacites and even lipa- 
rites (in the Karua Mountains of south central Celebes) are also 
found. The active volcanoes are found on the row of islands in- 
cluding Sumatra, Java, the Lesser Sunda Islands and the arc in 
the Banda Sea, on the Halmaheira group and in northeastern 
and southern Celebes. 


5. Basalts, Melaphyres, etc. 


Diabases, melaphyres and their tuffs, and metamorphic basic 
eruptive rocks (amphibolites, serpentine schists, chlorite schists, 
etc.) are found in Sumatra, Timor and adjacent islands, where 
they are of late Paleozoic age. Such rocks are also found in some 
places in the Triassic. Of younger Mesozoic rocks the Danau 
formation of Borneo should be mentioned, where diabases and 
diabase tuffs are found, which are considered to be at least 
partly of Jurassic age. Rocks of about the same age may be of 
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widespread occurrence in the eastern part of the Archipelago. 
For instance, serpentine breccias, associated with Jurassic rocks, 
are found on the island of Buru. 

Tertiary, with some Cretaceous, volcanic rocks of this group 
are known from all the larger and from several of the smaller 18- 
lands of the Archipelago. Among the older Tertiary and partly 
Cretaceous rocks this group is widely represented. In Celebes it 
is represented by basaltic tuffs in a tufaceous series; in Java by 
metamorphosed serpentine, chlorite, and tale schists and serpen- 
tine breccias associated with diabases and Cretaceous sediments. 

Material of basic magmas 1$ also found at several places in 
the Upper Tertiary of the Archipelago. Associated with and ш- 
terbedded with volcanic rocks which are probably of Tertiary 
age, serpentine has been found, which seems to prove that part 
of the serpentines of the Archipelago are Tertiary in age and are 
of volcanic origin. Conglomerates and breccias of serpentine are 
also found associated with Tertiary (partly late Tertiary) rocks 
in the same region (northern Moluccas). 

The eroded, the extinct and the active volcanoes of Plio- 
Pleistocene age consist in part of materials from basaltic mag- 
mas. 


6. Phonolites, Leucite Rocks, etc. 


On Timor and Rotti camptonitic rocks of supposed Permian 
age are found. Leucite and nepheline-bearing rocks of Eocene 
age are found in the tufaceous series of south central Celebes. 
In southern Celebes they may be partly of a somewhat younger 
age — for Pliocene leucite and nepheline-bearing rocks of this 
age are known. The leucite rocks of Sumbawa are supposed to 
be of Neogene age and a leucite-basanite is mentioned as a lava 
flow on the slope of the volcano Tambora. The leucite rocks 
which are found in several places near the north coast of the 
eastern part of Java are supposed to be of late Tertiary age. 


This very short and incomplete review of the igneous rocks 
is but to point out that the main groups of igneous rocks are 
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represented over widely separated areas, both among the in- 
trusive and extrusive rocks, of very different ages. The alkali 
rocks have a very limited distribution and are rarely found in 
great masses. 


CHAPTER III 


THE MAJOR TECTONIC FEATURES 


Few if any places present such an interesting field for the 
study of the life-history of folded mountains as do the Nether- 
lands East Indies. Lying as they do where two great lines of 
crustal weakness, the Alpine and the circum-Pacific orogenic sys- 
tems, interlace, their structure is necessarily somewhat involved. 

It is evident at the outset, however, that the records of two 
phases in a more or less continuous period of diastrophism are 
quite easily read. These are the Cretaceous to Tertiary and the 
present movements. This division is made largely for con- 
venience, for the present movements appear to be exact continua- 
tions of the Tertiary; they are at the present time limited to a 
much smaller area. 

As regards the evolution of the East Indies region in Paleo- 
zoic and Mesozoic time, but little can be said with certainty. 
Mesozoic deposits which resemble in practically all respects the 
recent deep sea oozes have been found in several places, hence 
deep sea-basins must have been in existence in the region at this 
time. These rocks are red clay shales with Radiolaria and Radio- 
larian hornstones, which frequently contain nodules of manga- 
nese. Many of these nodules show a concretionary structure. 
Sharks’ teeth have also been found in these shales. These rocks 
are to all appearances equivalent to the red clays and Radiola- 
rian oozes which are known to be forming in the depths of the sea 
at the present time. Crustal movements must have taken place 
on a large scale since Mesozoic time, for these rocks, deposited 
necessarily at depths of about five thousand meters or more, are 
now found elevated to heights of one thousand or more meters 
above the level of the sea. 

As regards the deformations of Cretaceous and Tertiary time, 

46 


Major Tectonic Features 47 


the mountains of this period were continuations of the Asiatie 
ranges, of which three major ares are easily identified: 1. The 
Burman arc through the Sumatra—Java row of islands; 2. The New 
Zealand-New Guinea arc; 3. The Japanese-Philippine-Borneo 
arc, which branches in Borneo and Halmaheira with virgations 
extending into Java and Sumatra. Further than this the exact 
distribution both in time and in space of these older movements 
cannot be definitely made out. It is, however, apparent that 
deformation ceased in most of the western part of the Archipelago 
in Tertiary time, but has continued in the eastern part even to 
the present time, for the youngest stage of the mountain-building 
process is known to be limited to this part of the island group 
and to the western part of the Archipelago which borders upon 
the Indian Ocean. 

Of the older structure we know much more in the western 
than in the eastern part of the Archipelago. In the east the old 
folds are pretty well covered by the sea or by younger formations 
so that it is frequently difficult to identify the Tertiary strikes. 
Although folds and overthrusts which represent action at greater 
depths are found as reminders of the older phases of mountain- 
building, the eastern part of the Archipelago gives particularly 
clear evidence of the youngest phase of the mountain-building 
processes, as is indicated by the fractured and fissured crust. 
The older folding phenomena and the younger fracturing phenom- 
ena are mutually complementary, for the rows of uplifted islands 
in the east simply indicate the regions where the folding process 
is continuing at greater depths probably with the tendency at many 
places to form just such overthrust structures as erosion has laid 
bare in the remnants of the older mountains. 

Crustal movements which occasion a shortening or compres- 
sion of the crust of the earth are accommodated at depths by 
folding and by fracturing and faulting near the surface. In 
proportion as erosion proceeds, the deeper structures of older 
phases of the deformative processes become visible. Thus in 
such high continental ranges as the Alps and the Himalayas, which 
have long been above sea-level, erosion has been sufficiently 
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effective to expose completely the ancient folding phenomena. 
On the other hand it is evident that mountains which rise from 
the depths of the sea will be exposed to eroding influences during 
a much shorter period of time and the surface expression will not 
be primarily controlled by the processes of erosion, but by the 
crustal movements themselves. Such is the case in the eastern 
part of the East Indian Archipelago, where the latest phase of 
mountain-building manifests itself clearly in the surface expres- 
sion of the lithosphere — that is in the morphology of the rising 
rows of islands (geanticlines). 

The contrasted phenomena represented in «the eastern and 
western parts of the Archipelago may be looked upon as different 
stages in the life-history of a folded mountain range. Further it 
is probable that the mountain-building processes are here essen- 
tially the same as in other Alpine mountain ranges such as the 
Alps and the Himalayas. When investigators realized that in the 
formation of the Alps great overthrust sheets had been pushed 
forward long distances from their original sites, they were able 
with the aid of stratigraphic data to reconstruct, theoretically, 
different Mesozoic geanticlines and geosynclines in the Mediter- 
ranean region of Europe." These theoretical reconstructions simu- 
late very strikingly the aspect presented by the East Indian 
Archipelago, with its curving rows of islands alternating with 
deep elongated sea-basins. Similar distributions of land and 
water seem to have prevailed in the Mediterranean Mesozoic 
geanticlines and geosynclines. 

In the western part of the Alps, geanticlines and geosynclines 
became prominent in the Lower Jurassic. In Middle and Upper 
Jurassic they became submerged. In Cretaceous time strong 
horizontal movements began which reached their maximum 
development in the Tertiary period. As the folding processes 
continued, with the formation of overthrust sheets at greater 
depths, the sea-basins became narrower and the geanticlines 
were pushed forward in a nearly horizontal direction. A study 


1 Argand, E., “Sur l'Are des Alpes Occidentales," Eclog. Geol. Helv., 
14: 145. 1916. 
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of the younger movements of the Netherlands East Indies re- 
veals the fact that oscillations such as those just deseribed for 
the Alps are also known to have occurred here. Granted then 
that the present movements continue, it is reasonable to зиррозе 
that the region adjoining the Sahul Shelf will eventually reach 
the same stage as that long ago reached by the Alps. A num- 
ber of features, which will be set forth in some detail in the fol- 
lowing pages, suggest that the curving rows of islands are moving 
horizontally toward the “vorland” of Australia. As these move- 
ments proceed, the deep elongated sea-basins that now separate 
the rows of islands will become narrower and eventually the 
geanticlines may be thrust over the Sahul Shelf. Viewed thus 
the eastern part of the Archipelago may be regarded as repre- 
senting an embryonic stage of an Alpine mountain range. 


“In zoölogy many of the results obtained through a study of com- 
parative anatomy were later confirmed by the results derived from stud- 
ies of embryology. The development of geology, however, naturally 
followed lines other than those of zoölogy because the embryonic moun- 
tain ranges lay outside the regions studied by early geologists, but it 
was possible deductively to reach conclusions regarding the embryonic 
conditions of a mountain range by studying the anatomy of a moun- 
tain range and by applying the ontological method, a method which 
rauch more than the comparative one, has controlled geological work. 

“Tt is probable that the embryonic stages of different mountain 
ranges bear much resemblance to each other, as do the early stages 
of animal ontogeny. Such a conception leads to the recognition of 
unexpected relationships between types, which because of mature age 
show important differences. The question arises, whether persistent 
embryonic types occur among the mountain ranges. In the Timor row 
of islands deep sea-basins occurred in Triassic time, while they appear in 
the embryonic Alps in the Upper Jura. It is possible that in the south- 
eastern part of the Malay Archipelago a more or less embryonic stage 
has persisted since Mesozoic times, while the Alps reached the mature 
stage in Tertiary time. In my opinion the solution of many tectonic 
problems will be found by a careful study of comparative tectonics, 
embryotectonics, and comparative embryotectonics, as in zodlogy com- 
parative anatomy and ontogeny are essential parts of morphology." 1 


1 Brouwer, H. A., The Major Tectonic Features of the Dutch East Indies, 
an address delivered before the Geological Society of Washington, Feb. 2, 1922. 
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If our statement be true, that the youngest stage of moun- 
tain-building in the East Indian Archipelago is but a continua- 
tion of the late Mesozoic and Tertiary deformations, then it fol- 
lows that the present tectonic features are the result of orogenic 
forces which have been acting through long periods of time. И 
the crust moved beneath the sea, erosion did not affect the shape 
of the surface, while if the islands were high above sea-level, the 
mountains were denuded and their deeper structures revealed. 
In the first case no unconformities or disconformities in the suc- 
cession of the strata are found. Thus on different islands the 
places in the geological time-scale of the erosion intervals show 
considerable variation. For instance a great unconformity 18 
found on Timor between the Middle Tertiary and the Plio- 
Pleistocene; in Sumatra between the late Mesozoic and early 
Tertiary, and also between the Pliocene and the Pleistocene. 

To understand better the tectonic features of the various is- 
lands, the trend-lines and the character of the older movements 
will be considered first, then the trend-lines and the character of 
the youngest movements. 


THE CRETACEOUS AND TERTIARY TECTONICS 
Borneo 


In Borneo the distribution of the mountain ropts suggests a 
system of branching trend-lines similar to that now found in the 
Philippines. In the northeastern part are the highest elevations 
of land, where the folded ranges with a main trend of north- 
northeast to south-southwest are closely crowded together and 
from which the main strikes diverge to the southwest. The east- 
ern trend-lines bend toward the southeast in the direction of 
Celebes; those lying next toward the west have first a north- 
south direction, but bend toward the southwest. The central 
and western virgations bend sharply toward the northwest al- 
most at right angles to their general course in the northeastern 
part of the island. 

Crustal deformation of the late Mesozoic stage is clearly 
visible, but at many places the dip of the strata is not very pro- 
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nounced. An unconformity has been found at the base of the 
Cenomanian. In the northeastern part of the island, where the 
folded ranges are more closely crowded together, the tectonic 
structure may be much more complicated. 

There are two facies of the Tertiary in Borneo which represent 
quite different structures. Along the eastern and northeastern 
parts of the island there was a pronounced geosynclinal develop- 
ment with the deposition of great thicknesses of sediments. 
These strata have been rather strongly folded. The greater part 
of Borneo was more or less a continental area in Tertiary time 
and there has been no important folding in the main part of 
the island, for these rocks even now are practically horizontal. 

Considered as a whole, Borneo represents an area in which 
there has been a progressive stability eastward and’ northwest- 
ward. 


Sumatra 


Sumatra represents a series of branching trend-lines similar 
to those of Borneo, except that the branching is not so pro- 
nounced. The highest mountains of the older rocks are found in 
the northwestern part of the island and the main trend-lines 
gradually diverge toward the southeast. 

The main unconformity separates the Tertiary from the Mes- 
ozoic sediments, which include deposits as late as the Creta- 
ceous. Few details are yet known about the structure of 
the Mesozoic and the older sediments. It has been suggested 
that the highest and the lower eastern parts of the Barissan 
mountains in Djambi are parts of an overthrust sheet, between 
which lie the phyllitie slates — the latter having been here un- 
covered by erosion. Abnormal contacts and the lack of metamor- 
phism at the contacts with granites favor this suggestion. In the 
Highlands of Padang the walls of Carboniferous or Permian 
limestone continue uninterruptedly in places without any basal 
conglomerates and without veins of granite or contact phenomena 
between the granites and the surrounding sediments, whereas 
part of the granites are post-Carboniferous in age. These lime- 
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stones sometimes give to the landscape a peculiar character 
similar to that of the “Klippen” of the Alps and the Carpathian 
Mountains and the “fatus”? of Timor (Plate IX A). It has not 
yet been demonstrated, however, that this is the type of struc- 
ture found in Sumatra. The solution of this problem is but one 
of the many interesting ones that present themselves with re- 
gard to the older tectonics. 

The Tertiary rocks of Sumatra up to the Pliocene have gen- 
erally been folded, often in more or less regular broad anticlines 
and synclines, for example those of the Neogene oil-bearing 
strata in the eastern part of the island. They were deposited in 
a geosynclinal area and the remnants of Tertiary sediments at 
great heights in the present Barissan Mountains prove that only 
during and after the period of sedimentation was this geosyn- 
clinal area separated from the deeper ocean farther to the south- 
west by the present Barissan Mountains, while the sediments of 
the geosyncline were folded and elevated above the sea. 

A second striking unconformity is found in many parts of 
Sumatra separating the Pliocene from the Pleistocene sedi- 
ments. ; 


Java and the Lesser Sunda Islands 


A great part of the island of Java is covered with volcanoes, 
so that the Tertiary tectonics cannot be studied there, and Meso- 
zoic and older rocks are almost entirely unknown. Those which 
are known are probably of Cretaceous age; there is an uncon- 
formity between these sediments and the Paleogene rocks. The 
age of the slates and the schists on the Karimon Djawa Islands 
to the north of Java is unknown; their main strike has also not 
been determined. The main strike of the Cretaceous rocks is about 
the same as that of the Tertiary anticlines and synclines and more 
or less parallel to the longer axis of the present island. 

Like the island of Java the islands which continue to the east 
from it and recurve about the Banda Sea are largely covered by 
volcanics, and have for the greater part not been extensively 
studied. It is, therefore, impossible to reconstruct the trend- 


PLATE TX 


А. Тне “STONE OF KAPAN” IN CENTRAL TIMOR 


One of the numerous " Fatus’ or “Klippen” of Upper Triassic coralline limestone 
(after С. А. К. Molengraaff) 


В. STRONGLY FOLDED MESOZOIC ROCKS NEAR Моп, Токо IN CENTRAL TIMOR 
(after G. A. F. Mollengraaff) 
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lines of the Tertiary structures on these islands. The meager 
data available seem to indicate that the structure of the Ter- 
tiary rocks is rather simple, as in the islands to the west. 


The Timor-Ceram Arc 


The reconstruction of the main older trend-lines in the Timor- 
Ceram row of islands cannot be made complete, because the re- 
gion is mostly below sea-level and the older folds are in many 
places eut off by the present coast lines. A striking unconformity 
is found in most of the islands between the middle Tertiary and 
the Plio-Pleistocene. An older emergence seems to be indicated 
by the stratigraphical break between the Upper Jurassic and the 
Upper Cretaceous. 

There are some indications that virgations of the older trend- 
lines occur in a manner somewhat similar to the virgations found 
on some of the large islands, for instance Borneo. In the islands 
of the Kei group а north-northeast to south-southwest strike 13 
found on Great Kei, while farther west a north-northwest to south- 
southeast strike in the direction of Ceram has been observed. 
The strike on Great Kei is in the direction of western New Guinea, 
where the strike is parallel to the coast line. While on Timor 
the difference between the main Tertiary strike and the longer 
axis of the island is not very important, the strike on Babber, 
farther to the east, is north-northeast to south-southwest, nearly 
perpendieular to the main trend of the present row of islands. 
'The high mountain range of central Ceram, in which the Meso- 
zoic and Tertiary strata strike about northwest to southeast, is 
cut off abruptly at the coast with a general east-west trend. In 
western Buru the strike is about the same, whereas in western 
Ceram and in the islands between Ceram and Buru it is east-west 
and northeast-south west. 

The main strike of the Tertiary mountain range did not 
differ essentially from the main direction of the present row of 
islands, because in the Kei and the Tenimber islands the main 
older strike is in about the same direction as the longer axis of 
the present islands. 
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Studied in profile, very complicated structures have been 
found on most of the islands, On Timor the majority of the 
isolated rock peaks consist of coral reefs of Upper Triassic age, 
but Permian crinoidal and fusulina limestones are common. 
Groups of deposits of the same age, but of different paleontologi- 
cal and petrographical character, occur one on top of the other, 
and “fatus” (Plate IX A) of older rocks are found resting on 
younger oceanic deposits — such structures being often clearly 
visible along the deep ravines cut in the recently elevated island. 
The structure is as a rule chaotic and similar to that of the higher 
overthrust sheets of eastern Switzerland. Simpler structures are 
found only in the southern coast range of the islands, where an 
imbricated structure with a fairly uniform dip to the north- 
northwest prevails. On Babber, an island to the east of Timor, 
Permian crinoidal limestone has been found as isolated “fatus” 
resting on folded Jurassic sediments. In the eastern part of 
Ceram, Triassic sediments are thrust over limestones and marls, 
which are in part of late Mesozoic age and which show a rather 
regular dip toward the southwest. In the central and western 
part of the island several remarkable successions of crystalline 
schists, phyllitic slates and Mesozoic rocks point to the existence 
of important overthrusts between these three formations. The 
horizontal movement of the overthrust seems to be less than that 
on the southern islands of the Timor-Ceram row, because groups 
of deposits of the same age, but of different paleontological and 
petrographical character, are not found one on top of the other 
and in close proximity to the same degree as on Timor. Impor- 
tant overthrusts possibly also occur in the island of Buru, to the 
west of Ceram. Sumba, to the west of Timor is usually con- 
sidered as the western prolongation of the Timor row of islands, 
but the Tertiary rocks are here not distinctly folded. The Kei 
Islands do not show a complicated structure and it seems that 
the eastern limit of the Tertiary mountains with complicated 
structures was farther to the west. 

As far as the direction of the thrusting in the Timor-Ce- 
ram атс is concerned, the relative movement seems to be from 


РГАТЕ Х 


А. Mr. WILHELMINA (ALTITUDE 4750 METERS) IN THE Snow MOUNTAINS 
OF NETHERLANDS NEW GUINEA; ALVEOLINA LIMESTONE AND 
SANDSTONE DIPPING TO THE NORTH IN THE FOREGROUND 
(after P. F. Hubrecht) 


В. Marts or THE KAJAN MOUNTAINS (ALTITUDE 8400 METERS) IN NETHERLANDS 
NEW GUINEA, DIPPING TO THE NORTH (after P. F. Hubrecht) 
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the Banda Sea outward, except on Buru, phe the thrusting is 
toward the southwest. 


New Guinea 


In New Guinea а great median mountain range of Tertiary 
mountains extends from one end of the island to the other. 
These mountains bear, towards the lowlands to the south and to 
Australia beyond, a relation somewhat similar to that borne by 
the Himalayas towards India. The expeditions from the south 
coast to the Snow Mountains of the central range found strata 
with fairly uniform dip to the north over long distances. It does 
not seem improbable that recumbent folds, imbricated structures 
or overthrusts may occur in these mountains. 

The Neogene sediments near the north coast of the Dutch 
territory show steep folds, the direction of thrust being here 
towards the north (Plate X). In the western part of the is- 
land, from the Gulf of MacCluer to the south, as well as on the 
Kei Islands, Tertiary (late Eocene or Miocene) limestones and 
marls occur, which at these different places are very much alike, 
and are but normally folded. 

Near the western end of the median mountain range the main 
older trend-lines bend in а north-northwest direction and turn 
again to the west-northwest in the direction of the southern 
peninsula of Halmaheira. In this part of New Guinea Pre- 
Tertiary, probably Cretaceous, folding with intrusion of granites 
is known. 


The Misool-Obi-Sula Row of Islands 


On the outside of the Timor-Ceram are, which is character- 
ized by overthrust structures, there is found a zone in which the 
Mesozoic and Tertiary sediments are folded sometimes intensely, 
sometimes slightly, or sometimes not at all. 

Only the southwestern part of the island of Great Obi seems 
to belong geologically to this row of islands. The northern part 
of Great Obi and the adjacent islands show a close resemblance 
to the northern Moluccas. 

In а great part of the Sula Islands, the Jurassic strata are 
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nearly horizontal; in other parts they are intensely folded, but 
no overthrusts have been identified. Although the structure of 
some of the islands of this row is not very well known, it seems 
that the simpler structures on the outside of the Timor-Ceram 
аге can be continued more or less distinctly from western New 
Guinea to the west. 


Celebes 


Such forms as those represented by Celebes have been con- 
sidered as having been produced by a broad side-and-end-on 
conflict of Tertiary folded ranges. However there is such a no- 
table difference between the Tertiary strike and the direction of 
the present geanticlinal axes, that there can be no question but 
that the island in its present form is the result of the youngest 
movements. 

The ages of the different strata are not yet exactly known. It 
has been supposed that even Tertiary sediments occur among the 
metamorphosed sediments, but as yet there is no proof of this 
supposition. In the central part of the island large anticlines 
and synclines with an approximately northwest to southeast strike 
were formed in post-Eocene time. In parts of this region north- 
east to southwest strikes prevail. 

Very little is known about the southeastern peninsula of the 
island. Basic eruptives of serpentines and gabbros covered by 
lateritic crusts occur over wide areas in the northern part, while 
erystalline schists are the principal rocks in the southern part, 
but the main strike of none of these rocks has yet been deter- 
mined. 

The eastern peninsula shows a Tertiary strike in strongly 
folded marls and limestones with associated layers and nodules 
of hornstone which is northwest-southeast or nearly at right 
angles to the present trend of the peninsula. The central range 
in the eastern part of this peninsula consists of Eocene and Oli- 
gocene limestones which are but little disturbed. On the north- 
ern and southern slopes more or less pronounced dips to the 
northwest have been found. 
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Along the north coast of the northern peninsula a more ог 
less east-west strike is locally known. This strike conforms to 
the present trend of the peninsula, which indicates that, perhaps 
in this part of the island, there has been no great change in the 
direction of movements since Tertiary time. But the structure 
of this region is still very imperfectly known. 

The narrow portion of the island which connects the northern 
peninsula with the central part of the island consists principally 
of crystalline schists and eruptive rocks. Some authors have 
presumed that there exists here a main strike from south to 
north, which tends to an east-westerly direction in the northern 
peninsula. No folded Tertiary rocks are known, but a north- 
west-southeast strike seems to prevail. This strike seems to be 
a prolongation of the southeastern virgation of the Borneo 
Mountains. Viewed thus the Tertiary mountain plan of Celebes 
may be thought of as comprising two strongly diverging trend- 
lines of which the northern recurves toward the north in the 
direction of the Philippine Islands. 


The Northern Moluccas 


These islands have been crossed at only a few places and as 
eruptive rocks are of widespread occurrence, positive opinions on 
the tectonic relations are not warranted. Ав far as is known, the 
main Tertiary strike in different parts of Halmaheira does not 
differ greatly from the longer axes of the present peninsulas. 
The known strikes on the larger islands to the west of northwest- 
ern New Guinea seem to form the prolongation of those in the 
latter region and to connect them with the southeastern penin- 
sula of Halmaheira. 


THE YOUNGEST STAGE OF MOUNTAIN-BUILDING 


Though it is often difficult, as we have already noted, to 
identify the trend-lines of the older stages of mountain-building, 
the main trend-lines of the most recent movements are clearly 
evidenced because of the uplifts of the land relative to the sea. 
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PLATE XII 


A. TERRACE OF UPHEAVED CORAL REEF NEAR KUPANG, ТІМОВ 
(after H. G. Jonker) 


B. SUCCESSIVE STAGES OF UPHEAVAL OF CORAL REEFS ON THE ISLAND OF LETTI 
: TO THE EAST OF TIMOR 


The lowermost upheaved reef gradually passes into the living reef which is almost completely below 
sea-level (after G. A. F. Molengraaff). 
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The youngest movements are restrieted mainly to the eastern part 
of the Archipelago and to those parts of the western islands which 
border on the Indian Ocean. In these areas the surface expres- 
sion of the lithosphere is controlled, not by erosion, but by the 
mountain-building processes which are in operation at greater 
depths. In other words the surface expression of this part of 
the Archipelago coincides with the structural forms, that is to 
say, the rising rows of islands (the hills or mountains) are in 
truth the geanticlines and the deep elongated sea basins between 
the islands are true geosynclinal valleys. It will be seen from 
a study of Figure 1 that these youngest trend-lines are arranged 
in great ares or festoons. 

The arcs about the Banda Sea have already been referred to 
as representing an embryonic stage of a folded mountain range. 
Here then should be exemplified in the surface character of the 
islands such movements as are associated with the folding ргос- 
esses involved in the formation of arcuate mountain ranges. 
Such is the case. The numerous fractures and faults near the 
surfaces of the islands tell the story of the folding processes at 
work in the more plastic zones below. The distribution and ar- 
rangement of these fractures and faults in many cases indicate 
not only vertical (Plate XI) but horizontal movements as well. 
The rows of islands seem to be actually moving horizontally, 
apparently under the influence of unilateral forces. 

The upheaved coral reefs are unquestionably evidence of 
vertical movement. Their frequent arrangement in terraces 
indicates that the movements producing the upheavals have 
been of an interrupted character (Plate XIT), that 13, the stresses 
producing upheaval have been cumulative. But many islands 
show that they do not rise in a vertical plane, but rather that 
they are being pushed up obliquely. As a result of this charac- 
teristic of the movement, the oldest reef-caps are not always 
found at the highest elevations on the islands, and the islands 
themselves present an asymmetrical profile. Figure 2 shows the 
progressive change in the shape of the island subject to such 
movements. 
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Evidence of Horizontal Movement 


Evidence of great horizontal movement of these arcs is plen- 
tiful and is expressed in part by the following characters: 

1. The outer row of islands about the Banda Sea has accom- 
modated itself to a considerable degree to the shape of its “уог- 
land,” the Sahul Shelf. The Tenimber and the Kei islands have 
an outlying position in the row and both are situated opposite 


Ета. 2. Successive positions in a rising island anticline 


depressions in the Sahul Shelf. The progressing geanticline has 
met with less resistance opposite these depressions, hence the out- 
lying position of these islands. 

2. The striking relation between the unsymmetrical reef- 
caps and the outward bends of the rows of islands. The island 
of Jamdena of the Tenimber group and the island of Rotti il- 
lustrate this point. 

3. Differences in horizontal movement as shown by the frac- 
tures and faults near the surfaces of the islands. 

The first two of these propositions are self-evident and need 
little amplification. The third is not so evident and yet is of 
immense interest in the East Indian Archipelago. Here the 
relation between crustal movements and morphological structure 
is plainly demonstrated. Such a relation exists here with but 
little modification because the forms of the geanticlines are but 
little changed by erosion. The faults and fractures bear a definite 
and evident relation to the vertical and horizontal movements of 
the geanticlines near the surfaces of which they occur. The posi- 
tion of many minor faults may be controlled by a great many 
other factors, such as stratification. In the main, however, the 
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majority of the fractures and faults are but the surface expression 
of differences in velocity of horizontal and vertical movements, 
which are in turn the result of compressional stresses. 

Von Richthofen ! has attempted to explain the mountain arcs 
of eastern Asia as being the results of tensional stresses on & 
large scale. This tension hypothesis has been applied by some 
authors to the East Indian Archipelago, but as others have al- 
ready pointed out, the fractures resulting from tensional stresses 
tend to be straight while not only Netherlands India but the 
ranges to the east of the Asiatic continent are great arcs. 
A tension hypothesis applied in a different way would explain 
many of the features of the Archipelago, but in our opinion the 
numerous fractures existing near the surface can be explained in 
a simpler manner by the action of compressive stresses, which 
may have alternated with tensional stresses. 

In the first place, if the superficial parts of a geanticline are 
bent, either in a horizontal or a vertical plane, gaping fractures 
will be formed on the convex side of the bend and compression 
will be noted on the concave side. For instance, the basins in 
the central part of Celebes have been thus explained. These 
basins are arranged in straight lines and. are more or less 
parallel to the geanticlinal axes. Possibly some of the trans- 
verse straits between the islands have been formed in this 
manner. In the main, however, simple geanticlinal bendings 
of the sort just described are not adequate to account for the 
formation of the numerous fractures. We may take, as an ex- 
ample, the pronounced and deep straits or fissures such as are 
represented by the Manipa Strait between Ceram and Buru. 
Here is a narrow strait nearly five thousand meters deep, located 
at the bending point of the geanticlinal axis represented in part 
by the islands of Ceram and Buru. Such straits, if a pitch of 
the axis alone cannot explain the submarine topography, are 
more probably the result of differential horizontal movements 
with a component normal to the fracture surface. Whether such 


1 Von Richthofen, F., “Geomorphologische Studien aus Ost-Asien,” 
Teil IV. Sitzungsberichte der Berlin. Akad. der Wiss., Band XL (1913). 
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fissures result from differential velocities in the same or in op- 
posite directions cannot be deduced from the shape and location 
of the straits. As will be noted from Figure 3, the same sort of 
result might be obtained from either type of movement. Pre- 
sumably such fractures often result from differential velocities 
acting in the same or approximately the same general direction, 
for many geanticlines seem to be progressing forward. If the 
horizontal movement be free, a lengthening of the geanticlinal 


Fig. 3. DIAGRAMS TO SHOW THE MANNER OF FORMATION OF TRANSVERSE 
STRAITS (in ground plan) 


A. By horizontal movements in opposite directions 
B. By differential horizontal movements in the same direction 


axis may be evidenced by the formation of gaping fractures, 
provided of course that there is movement normal to the frac- 
ture plane. Lengthening may also take place by faulting parallel 
to the fracture plane — the normal case at a certain depth be- 
low the surface. Evidence of such horizontal faulting is plentiful 
in earthquake regions where fences, roads and similar structures 
are frequently offset considerable distances. Earthquakes are 
but the indications that the mountain-building processes are still 
at work and hence phenomena associated with them may be 
properly referred to as representing phases in the mountain- 
building processes. 

In addition to the Manipa Strait there are numerous other 
examples of transverse fractures at places where there has been 
differential horizontal movement. The Sunda Strait between 
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Java and Sumatra is a particularly clear example, for here the 
western part of Java, with relation to the southern part of Suma- 
tra, has been moved several kilometers to the south. The narrow 
strait between Timor and Rotti, the strait between the peninsula 
of Landu and the main island ої Rotti, and the bending of the 
axis between eastern Timor and Letti of the Sermata group are 
all examples of this kind of movement. 

The fact that the Tertiary strikes are often cut obliquely by 
the present coast lines of many of the islands has long been noted 
and is of considerable importance in understanding the mountain- 
building processes. It is not necessary to postulate, as has often 
been done, two separate and distinct periods of folding to account 
for this difference of strike. Such differences may be the result of 
tension or of changes in the direction from which the compressive 
forces are coming, but they can also be explained entirely as the 
result of the fact that the folds now appearing at the surface were 
formed by deep-seated and still active forces, at a much earlier 
stage in the evolution of the geanticline, while as they were being 
elevated the horizontal component of the rate of movement was 
and still is different in adjacent parts of the geanticline. The 
forces now causing movements at depths and determining the 
form of the present geanticlines will have changed this form 
since the folds now appearing at the surface were formed at greater 
depths and older folds will be cut off by the present coast lines. 
Of course a change in the direction of the compressive forces 
would exert a great influence on the relationships just discussed. 
If forces are active at greater depth and near the surface, their 
intensity will generally be different, and one reason why their 
direction will be different on the same vertical line is that the 
transmission of directed forces will decrease from the surface to 
the zones of higher plasticity at greater depth. 

If the differences in the velocities of horizontal movements are 
the result of movements which have opposite directions in neigh- 
boring parts of the geanticline, and if the movement has been 
more or less continuous since Tertiary time, the Tertiary over- 
thrusting, which is now visible at the surface, should also show 
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opposite directions on both sides of the existing bending point. 
In Buru the direction of thrusting is toward the southwest, in 
central Ceram to the northeast. As already stated, there is 
strong evidence of differential horizontal movement between 
Ceram and Buru, which may have taken place in opposite direc- 
tions during long periods of time. As should be expected, differ- 
ences in the direction of the older folds and the present coast lines 
occur in this region. Particularly on Ceram this fact is very 
strikingly exemplified. In the greater part of the island the 
strike of the Tertiary mountain range is northwest to southeast, 
whereas the present coast line has in the middle part an east- 
west trend, so that the ridges of the high mountains terminate 
abruptly near Taluti Bay on the south coast and near Savai Bay 
on the north coast. The abnormal strike in the eastern peninsula 
of Celebes and in the narrow portion which connects the central . 
part of the island with the northeastern peninsula has already 
been mentioned. Another noteworthy example is on the island of 
Babber to the east of Timor, where the strike is north-north- 
east to south-southwest, nearly perpendicular to the main trend 
of the present row of islands. 

The location of the epicenters of earthquakes indicates that 
the mountain-making movements still continue in the East In- 
dian Archipelago and that the location of these epicenters bears 
a definite relationship to the geological structure. This relation 
will be pointed out in a later chapter concerning earthquakes. 

As to the absolute horizontal movement of the parts of the 
Archipelago undergoing deformation, there is no way of inferring 
the amount from the surface characters of the present geanti- 
clines. It is certain that the importance of the vertical move- 
ments has often been overestimated and that the horizontal 
movements, which in many cases are, perhaps, very much more 
important, have been too much neglected. Whether the forces 
producing the horizontal movements are directed from the north- 
west as would follow according to the conception of Hobbs, 


1 Hobbs, W. H., “Mechanics of Formation of Arcuate Mountains,” 
Journal of Geology, Vol. XXII, 1914, p. 91. 
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or whether they come from the southeast, as Wegener! would 
have us believe, cannot be determined from the data at present 
available. 


Evolution of Parallel Rows of Islands 


In large parts of the western archipelago, the mountains 
reached the mature stage in the Tertiary period and are now 
gradually dying off; in the eastern part and near the Indian 
Ocean, embryonie stages are at present in full growth. In the 
future the latter may develop to a continental mountain range 
of the Alpine type if compressive and not tensional stress prevail. 
At any rate а tendency toward the development of a range with 
Alpine structure is clearly visible in the more or less parallel rows 
of islands in the southeastern part of the Archipelago, where, in 
the southern or Timor row of islands, important horizontal move- 
ments took place in Tertiary time (the older structures with over- 
thrusts) and continued during the Pleistocene. That two rows 
of islands have evolved into one row is proved by the evolution 
of the island of Timor, which has passed a stage similar to that 
represented by the present Tenimber islands, which consist of two 
rows. On a smaller scale this is the same evolution as may be 
passed through by the two rows of islands in the southeastern part 
of the Archipelago as a whole. These two rows of islands or 
geanticlines show with regard to Australia the same characteris- 
tics as the successive folds of the various experiments in mountain- 
building with regard to the moving resistant body. The southern 
geanticline is the oldest. In it the vertical projection of the axis 
has been but slightly deformed, while the horizontal projection 
has already adapted itself to the Australian continent and the 
Sahul Shelf. The horizontal projection is a strongly curved line; 
the vertical projection, although upheaved coral reefs are found 
at heights of nearly 1300 meters, is still an almost straight line. 
(In the sections illustrating the culminations and depressions of 
the geanticlinal axes, the pitch of the axes is as a rule very much 


1 Wegener, А. “Die Entstehung der Kontinente und Ozeane,” Die 
Wissenschaft, 1920. 
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FIGURE 4 

I. The islands of the Tenimber Group 

П. The axes of two secondary geanticlines in this group 
ПІ. The upheaved central basin in the western part of the island of Timor. 
The numbers 500, etc., represent altitudes (in meters) of the upper- 
most elevated reefs (schematic representation). Scale 1 to 6,000,000 
1-4. One of the possible evolutions of two parallel rows of islands 
1. Stage of the Tenimber Islands 
4. Stage of Timor with upheaved central basin 
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exaggerated.) The northern geanticline is the younger fold and 
has a simpler form of the axis. After or during the evolution of 
these two rows to a single one, they may be pushed over the 
Sahul Shelf, which extends the borders of the present Australian 
continent. Thus the stage of a mature continental mountain 
range may be reached. We shall refer to this evolution again in 
a later chapter, when discussing the causes of activity and extinc- 
tion of the volcanoes in this region. 

The oldest parts of the two geanticlines in the present stage 
of evolution must be expected in the neighborhood of the resist- 
ant body (the Australian continental shelf). It is exactly at 
this place that the highest elevated coral reefs are found on the 
island of Timor and that the two rows of islands have already 
been pushed together into one row. 

It is of interest to consider the possible evolution of the stage 
represented by the Tenimber Islands to that of Timor in some 
detail. The relation between the two is shown diagrammatically 
in Figure 4. The Tenimber Islands consist of one row, which in- 
cludes the main island of Jamdena and another row of smaller 
islands, in which the elevated reefs are on some of the islands at 
high altitudes. The reef-cap which covers Jamdena is asymmetri- 
са], rising gradually from the drowned northwestern part to the 
main watershed of the island and thence descending rapidly 
toward the southeastern coast. The upheaved island of Jam- 
dena is separated from the row of upheaved islands to the north- 
west by a zone, in which during the youngest evolution positive 
movements have prevailed. In Pliocene time the crustal move- 
ments of the part of the geanticline near Timor resulted in the 
development of two geanticlines and an intermediate, in part 
subdivided geosyncline, which became fairly well filled by an ac- 
cumulation of late Tertiary sediments deposited during a period 
of slow subsidence. 

Flexures and faults of considerable horizontal extent occur in 
the limbs of this geosyncline. After a certain period of evolution 
a great part of Timor must have been covered by a sea full of 
coral islands and reefs, from which some islands emerged, a 
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stage of evolution which is now to be observed between Timor 
and the Tenimber Islands in the Sermata group. After the Plio- 
Pleistocene reefs had been formed, a general elevation of the 
island of Timor took place, resulting in the formation of a large 
geanticline with the highest elevated reefs in the central part of 
the present island. The horizontal movements near the surface, 
the directions of which are unknown, may have had a much 
smaller rate of movement than those at greater depth. During 
this movement the central basin was gradually upheaved above 
the sea. The horizontal movement at greater depth may have 
prevailed in one of the secondary geanticlines and the folds may 
be more or less symmetrical or overturned. Figure 4 gives one 
of the possible modes of upheaval, in which the tendency to form 
overthrusts at greater depth is represented. 


THE ORIGIN ОЕ THE CORAL REEFS AND REEF-CAPS 
WITHIN THE ARCHIPELAGO, WITH SPECIAL 
REFERENCE TO MOUNTAIN-BUILDING 


The problem of the origin of coral reefs and reef-caps, to 
which reference has already been made several times, will be 
treated here in greater detail. ; 

Proofs of important uplifts of the land relative to the sea- 
level are amply demonstrated by the presence of upheaved fring- 
ing reefs (Plate I), barrier reefs, or atolls (Plate XIII). Coral 
reefs at low altitudes, barrier reefs and atolls may have been 
formed by a movement of the land only, by a movement of the 
sea-level only, ог by both at the same time. Stability with re- 
gard to the vertical movements of the land and the upward or 
downward movement of the sea-level can be easily recognized, 
because, in the event that the change has resulted from a change 
in the level of the sea, the displacement of the shore-line will be 
the same in different places. If the sea-level is stable, while the 
land is moving, the displacements of the shore-lines will be differ- 
ent within relatively short distances. If both the land and the 
sea-level have been moving, the same principle can be applied 
to determine the relative importance of the two movements. The 
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absolute horizontal displacement of the land may be considerable, 
but the reef-caps give clear evidence only of a certain amount of 
horizontal movement and the differences in the rate of the hori- 
zontal movements between adjacent land-masses. 

The characteristies of the coral reefs in the East Indian Ar- 
chipelago prove again the striking difference between the west- 
ern and the eastern parts of the island group. In the western 
part the reefs show evidences of nearly uniform recent submer- 
gence, when after the close of the glacial period the sea-level 
gradually rose. In the unstable eastern part the oscillation of 
the sea-level has taken place just as in the western part, but the 
coral reefs and reef-caps show clearly that the movement of the 
land was the more important of the two. Sufficient data are 
available for some conclusions concerning the problem of gean- 
ticlinal deformation in space and in many cases the structure of 
the reef-caps proves that there has been considerable movement 
in a horizontal plane. A brief summary of the principal types of 
reefs and reef-caps with special reference to movements of the 
land and the sea-level will make the foregoing observations 
clearer. 


1. Coral Reefs near Lands which are Stable with 
regard to Vertical Movements 


To this group belong the Great Sunda barrier reef, extend- 
ing roughly parallel to the southeastern coast of Borneo over а, 
length of about 500 kilometers, the greatest distance from the 
nearest point of the coast of Borneo being 230 kilometers. This 
great barrier reef evidently originated from a fringing reef, which 
in late Pleistocene time extended along the eastern coast of the 
former Sunda Land, which is now partly submerged. Similar 
relations seem to prevail along the margin of the drowned Sahul 
Shelf to the north of Australia. In the most southern and shal- 
lowest part of the Makassar Strait between Borneo and Celebes 
groups of atolls and allied coral islands are found. These have 
been explained as being built up from truncated and submerged 
islands formerly belonging to the Sunda Land. The history of 
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the west coast of southern Celebes, with the group of islands 
known as the Spermonde Archipelago, seems to have been similar 
to that of the southeast coast of Borneo.! 


2. Pitch of the Reef-Caps and Vertical Displacements 


The pitch of the geanticlinal axis is the result of differences 
in rate of vertical movement and can be calculated from the 
position of the elevated modern reefs. This pitch is very slight 
and in many rows of islands it has not been exactly determined. 
In the Timor arc, which can be cited as an example, the elevated 
reefs occur at an elevation of 1800 meters in the central parts of 
the island of Timor, while both to the east and to the west the 
height gradually decreases; on Rotti to the west the highest reefs 
are found at 470 meters and on Savu, still farther to the west, they 
are at 300 meters. On the islands farther to the east the height 
decreases to 140 meters on Letti, to 20 meters on Lakor, while 
on Luang no elevated reefs are found. This island is encircled 
by a broad reef, a barrier reef with shallow lagoon, which does 
not, however, prove that the geanticlinal axis moved downward 
here. The land may have been stable or even have been mov- 
ing upward, but at a slower rate than the rise of the sea-level. 

If considered in detail, the deformation in the Timor row of 
islands is much more complicated. Evidences of this are the 
numerous straits between the islands, which may be due to the 
pitching of the geanticlinal axis, the straits being present where 
the axis disappears beneath the sea. However when the follow- 
ing facts are taken into account, it becomes apparent that the 
foregoing explanation 13 not alone sufficient to account for the 
complex deformations in this arc. 


3. Transverse Fractures in the Reef-Caps and 
Horizontal Displacement 


The elevated reefs form a very conspicuous morphological 
feature. This is perhaps the reason why the importance of the 


1 Molengraaff, С. A. F., “Modern Deep-Sea Research in the East Indian 
Archipelago”: Geographical Journal, 1921, pp. 104-105. 
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vertical movement has so often been overestimated. In many 
cases the vertical movement is by far less important than the 
horizontal one. We have already explained how transverse frac- 
tures and straits between islands can be the result of differences 
in velocity of horizontal movement. In the case of the Timor 
row of islands the following rule is applicable: A considerable 
number of transverse fractures and differences of horizontal dis- 
placement coincide with bending points of the horizontal pro- 
jection of the geanticlinal axis. 


4. Unsymmetrical Reef-Caps and Horizontal Displacement 


Taking note of the movement of the section of the surface of 
the geanticline with a vertical plane at right angles to the gean- 
ticlinal axis, we find a coincidence of unsymmetrical reef-caps 
with marked outward bends of the row of islands, as in the is- 
lands of Rotti and Jamdena (Tenimber group) of the Timor arc. 
This can be explained as a result of a shifting of the geanticlinal 
axis in a horizontal direction (Figure 5). 


5. Barrier Reefs, Atolls, and Submergence in Unstable Areas 


In studying the coral reefs of the unstable part of the Ar- 
chipelago we find very little evidence of submergence. The deep 
sea-basins in the eastern part do not possess atolls and barrier 
reefs. This may be explained as a result of the fact that for a 
long time the depth of the subsiding parts of the sea bottom may 
have been greater than that at which coral reefs could grow, and 
again in other places the combined action of subsidence of the 
land and the rise of the sea may have been so rapid that it could 
not be compensated by the upward growth of the reef-building 
corals. In the rising geanticlines the rise of the sea-level may 
be acting in combination with a slower rise of the land, or the 
rising geanticline may be locally stable, or may even be tempo- 
rarily subsiding. This explains the existence of atolls and bar- 
rier reefs in the Sermata group of islands to the east of Timor. 
The rising geanticline may also consist temporarily of two second- 


Figure 5 


Two successive stages in the evolution of a geanticline and an adjacent 


geosyncline, the principal horizontal displacement taking place in the 
geanticline. бі and Ss, different sea-levels; А B C and Р QS, geanticlinal 
and geosynclinal axes in the first stage; А’В’С’ and P’Q’S’, geanticlinal 
and geosynclinal axes in the second stage. A medium sea-level is indi- 
cated in the figure; in the case of low islands with adjacent deep sea 
basins, the sea is at a higher level. ABC and A’B’C’, projections of the 
geanticlinal axis on a vertical plane in the two successive stages. 

Although the bending point B’ of the geanticlinal axis in the second 
stage is higher than B in the first stage, transverse fractures may be 
found and the height of the sea-level will determine whether two islands 
separated by a transverse strait will be formed. Q and Q’ (bending point 
of the geanticlinal axis in the second stage) are supposed to be on the 
same vertical line. 

The pitch of the reef-caps will be pronounced, and unsymmetrical reef- 
caps will be found particularly in the sections normal to the geanticlinal 
axis in D’ and E’. 

Epicenters of earthquakes on longitudinal lines will be found on the 
island, on the submarine slope and in the sea basin, particularly on the 
slope from B’C’ down to the sea basin. A high seismicity as a result of 
the combination of longitudinal and transverse tectonic lines may be ex- 
pected near B’ especially. Whether the epicenters will be mostly sub- 
marine will depend on the height of sea-level. 
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ary geanticlines with an intermediate secondary geosyncline, 
which may be rising at a slower rate than that at which the 
sea-level is changing, or it may be stable or even subsiding. 
This explains the existence of two rows of barrier reefs and atolls, 
which alternate with two rows of islands with upheaved coral 
reefs in the Tukang Besi group of islands to the southeast of the 
southeastern peninsula of Celebes. 


6. Upheaved Atolls and Barrier Reefs, Terraced Reef-Caps 
and Evolution of Mountain-Building 


The further evolution of two parallel rows of islands to one 
row with upheaved atolls and central basins has already been 
explained. The atolls and barrier reefs, such as those of the 
Sermata Islands, will be upheaved during the further evolution 
of the geanticline, in the same way as the upheaved barrier 
reefs and atolls of the small islands of Dana and Savu to the 
west of Timor, and Kisser to the east, have already been up- 
heaved. 

The terraced appearance of many reef-caps proves that the 
vertical upward movement did not take place uninterruptedly 
and at a uniform rate. Very thick reefs and upheaved atolls 
may prove that periods of submergence alternated with periods 
of upheaval. A thin reef-cap without terraces proves a more or 
less uniform velocity of upheaval. Many examples of all these 
cases are amply demonstrated in the East Indian Archipelago. 


CHARTER 
VOLCANOES AND EARTHQUAKES 


ALTHOUGH the independence of volcanicity and seismicity is 
very striking in the Netherlands East Indies, we can state that 
for both phenomena there is a relationship to successive move- 
ments of the earth’s crust. Figure 6 shows the distribution of 
active volcanoes and the zones which are subject to earthquake 
disturbances. 


VOLCANOES 


The characteristic voleanie mountain of the Netherlands 
East Indies is usually rather complex. Simple individual cones 
occur (Plates ТУ В, and XIV A), but often there are huge cal- 
deras (Plates III and XV), sometimes several kilometers in 
diameter, within which are found smaller cones, which may or 
may not be active. A fine example of the latter type is the Teng- 
ger caldera of Java. Parts of its rim belong to a circle which has 
a radius of 4.2 kilometers, surrounding a “sandy” bottom from 
which several cones arise, one of them being the active volcano 
Bromo. Another example is the Rindjani on Lombok, which has 
a large elliptical caldera. The bottom in this case is covered by 
a lake, from which arises the active cone of the Gunung Baru. 
This complex type of volcanic mountain suggests that the present 
stage of activity in these places is a mere remnant of the grand 
activity which must have marked the formation of such gigan- 
tic mountains as those of which the remnants are represented by 
these great calderas. Huge cones are also found on the outer 
slopes of these calderas. The highest summit of Java, the active 
Semeru cone which is 3676 meters above sea-level, is such a 
subsidiary cone near the Tengger caldera. The volcano Raung, 
which is 3328 meters above sea-level, is also associated with a 
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PLATE. "XIV 


A. THE ACTIVE VOLCANO 


В. THE ACTIVE CONE IN THE CALDERA OF THE VOLCANO RAU EASTERN JAVA 
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caldera, the Idjen caldera of eastern Java, which has a radius 
of 8 kilometers. The Raung itself has a flat top, being the rim 
of a very deep caldera with steep walls and an elliptical form 
with a longer axis of 2280 meters. On the flat bottom a cone 
was formed during the eruption of 1913 (Plate XIV В). 

Sometimes the volcanic mountains are large cones with 
numerous parasitic cones arranged along the flanks in more or 
less regular alignment. The divergent dikes from the main con- 
duit may represent the feeders of the parasitic cones. Numerous 
cones of this type are found on the slopes of the active volcano 
Tambora on the island of Sumbawa and on the slopes of the 
Peak of Bonthain in southern Celebes. 

The degree of erosion and the character of the vegetation 
may give some indication of the relative ages of volcanic moun- 
tains. Deep scorings by the various agents of erosion mark the 
exteriors of the extinct and older mountains. The more youth- 
ful ones are less eroded and sometimes present the form of ideal 
cones. Frequently caldera slopes are deeply eroded, while the 
cones within still preserve a marked symmetry and entirety of 
outline. Lava plugs are witnesses of deep erosion in areas which 
were the centers of a former state of volcanic activity. 

The eruptions of the active volcanoes are generally of the ex- 
plosive type. The ash falls and such lava flows as are associated 
with the eruptions are not in general of sufficient intensity to 
cause much damage. True enough the eruption of Krakatau 
in 1883 was one of the grandest of which we have any record. 
It was, however, exceptional and the present state of activity is 
not to be classed with such great disturbances as this. The rem- 
nant of one half of a volcanic cone (Rakata Peak) left after this 
huge explosion shows remarkably well the structure of the in- 
terior of a voleanie cone with its radial dikes and has, therefore, 
always been of peculiar interest to students of vulcanism. 

True lava flows are at present not so rare as has often been 
supposed. Sections on the inner sides of the calderas show that 
they were important in the earlier history of the volcanic moun- 
tains. In many cases where the volcanoes are active the magma 
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may reach the crater, but seems not to be fluid enough to flow 
readily. In such cases lava domes generally result. The volca- 
noes Merapi (Plate ТУ В), Galunggung (Plates XV and XVI), 
Sumbing and others on Java, and Ruang in the Sangi Islands, 
are of this type. These domes may partly or entirely explode 
at the beginning of a new eruption. 

Eruptions in which gases are not shot upward, but in which 
they seem to flow down the mountain sides, have been observed 
in the eruptions of some volcanoes. These eruptions seem to be 
similar to that of Mt. Pelé on Martinique in 1902, which exacted 
so heavy a toll of lives and which has been explained as a result 
of the choking of the orifice in such a manner as to prevent the 
gases from being projected vertically. For similar eruptions of 
East Indian volcanoes it has been suggested that the clouds are 
an emulsion of gases which escape from lava avalanches and the 
products of crushing of the lava blocks. They have been ob- 
served in connection with eruptions of the volcanoes Merapi, 
Semeru and Kelut on Java, and it is probable, in view of the 
descriptions, that several older eruptions of other volcanoes were 
of the same character. 

Frequently the craters and calderas become filled with water. 
These crater lakes may be violently thrown out during an erup- 
tion, as was the case with the disastrous eruption of the volcano 
Kelut on Java, in 1919, when a mud-flow (lahar) came down 
the slopes of the mountain with such speed that it brought utter 
destruction to all that lay in its path. Heavy tropical rains 
may cause similar disastrous floods of mud and water if great 
masses of loose material have accumulated on the higher parts 
of the volcano. 

Sea waves are sometimes caused by explosions on volcanic 
islands (Krakatau) or by avalanches which come down the 
slopes of the volcanic islands with great speed. These may ог 
may not be connected with eruptions of the volcano. In the 
case of the sea wave on Ruang (Sangi Islands) in 1871, there 
seems to have been no such connection. The damage caused 
by such waves is sometimes very great. 
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The rocks associated with the eruptions are for the most part 
pyroxene andesites and basalts. Amphibole, if present, is usually 
more or less strongly resorbed; it is of frequent occurrence in 
the homogeneous inclusions of recent lavas and in the Tertiary 
andesites. The discovery of a recent amphibole andesite in the 
Sangi Islands (a new island to the west of Mahengetang) is of 
great interest, because it is the product of a submarine volcano. 
The amphibole in this rock does not show resorption phenomena 
and pyroxene is entirely absent, while the feldspars are very rich 
in gaseous inclusions. Several causes, connected with the sub- 
marine character of the eruption, such as a lower temperature of 
crystallization, a higher content of volatile constituents and a 
somewhat higher pressure, may have influenced the stability of 
the amphibole. The lavas from the young volcanoes, which 
have crystallized below the level of the sea, are only exception- 
ally available, and this seems to be the reason why the known 
rocks associated with the recent extrusions are pyroxene-ande- 
sites and basalts. 


The Distribution of Young Volcanoes 


Locally the young, partly active, voleanoes are found along 
the fissures which are the result of the youngest deformation in 
the Archipelago. Regionally, active volcanoes are lacking in the 
stable parts of the Archipelago and in parts of the unstable 
regions as well. The unstable belts cover a much larger surface 
than the volcanic belts, although volcanic rocks which are the 
products ої an older period of volcanicity, cover vast areas in 
the unstable regions where no active voleanoes are now found. 
Active volcanoes are now found in western Sumatra, Java, and 
the Lesser Sunda Islands to the east, on the inner row of islands 
about the Banda Sea, in and near Halmaheira and in Celebes. 

It is readily seen that the active voleanoes are restricted to 
portions of the Archipelago which have been subject to processes 
of deformation in recent time. The ascent of the magma may 
occur through the active force of the magma or through the relief 
of pressure. Both processes may of course be effective in a par- 
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ticular instance. A magma will naturally flow toward the place 
of lowest pressure. If the tangential pressure in the crust re- 
sults in the formation of symmetrical or slightly asymmetrical 
folds, the magma may, under compression from all sides, force 
its way through the crust with unequal strain, first of all near 
the tops of the anticlines, the places of least resistance. In such 
a case active volcanoes would occur on the tops of the mountain 
chains. As the folds become closed or perhaps recumbent, the 
lava conduits may be cut off; then, if disruptions occur with a 
tendency toward overthrusting, the magmas may be injected 
along thrust planes. Intrusive sheets may thus be formed along 
these planes. The magma may also reach the surface, but forms 
rows of islands, perhaps below the sea-level. 

On the basis of these observations it is evident that magmas 
can reach the surface while folding is in progress and that vul- 
canism is then to be thought of as a phase of mountain-building, 
and furthermore the character of the crustal movements may de- 
termine when and where the volcanic activity will appear and dis- 
appear. Eruptions will not be expected where the earth move- 
ments have been of such a character as to produce an important 
thickening of the crust by more or less horizontal movements, 
for such movements may be the main cause of the cutting off of 
lava conduits. It is of interest to compare two great mountain 
ranges on the earth’s surface, together with the relation which their 
structure bears to volcanicity, the Alps, characterized by large 
overthrusts and without volcanoes, and the Andes of South 
America, which belong to the “Fire girdle of the Pacific” and 
which are characterized by a more normally folded structure. 


Relation between Mountain-Building and Volcanic Activity 


In Netherlands India the distribution of the active volcanic 
vents demonstrates some interesting phenomena, particularly 
in the case of the arcs about the Banda Sea, in the relation which 
- the stage of vuleanism in these areas bears to the mountain- 
building processes. The outer are (Timor, Tenimber Islands, 
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Ceram, Buru) is entirely devoid of active volcanoes, whereas, 
except for the islands of Alor, Kambing, Wetter and Roma, ac- 
tive volcanoes are found on all the islands of the inner row, which 
includes the eastern prolongation of the Sumatra, Java, and the 
Lesser Sunda Islands, and finally curves around the Banda Sea. 
A study of the relative positions of these two arcs shows that 
volcanoes are wanting on the inner row, just where the two arcs 
come nearest together (Fig. 7). 

The island of Wetter represents the place where the arcs are 
closest together. As one goes either to the east or to the west 
he proceeds, first, to regions where volcanoes have become ex- 
tinct at a later period, and at last to regions in which active vol- 
canoes are now found. There is surely some significance at- 
tached to the facts that the volcanoes are extinct where the two 
rows are nearest and that the volcanic action is more prolonged 
in proportion as the island rows are further separated. In the 
discussion concerning the tectonics it was pointed out that these 
rows of islands are rising geanticlines which have resulted from 
the mountain-building forces that have been active since Late 
Tertiary time. It is apparent that here in this region there is 
to be found one of the finest illustrations of a simple relationship 
between voleanie activity and crustal movements. The two 
geanticlines are very similar to the successive folds formed in 
various experiments showing the folding processes in mountain- 
building. Australia represents the resistant body. The southern 
geanticline, the oldest fold, has no active volcanoes in association 
with it. The northern geanticline, the youngest fold of the ex- 
periments, has many active and extinct volcanoes. The oldest 
parts of this younger fold must be expected in the neighborhood 
of the resistant body (the Australian continental shelf). It is at 
exactly this place in the younger fold that active volcanoes are 
lacking. Moreover, there is an exact relationship between the 
duration of the period of volcanic action in this younger fold 
and the distance out from the front of the stable Australian sub- 
marine bank. The oldest fold of the experiments shows a ten- 
dency toward overturning and overthrusting after a certain stage 
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of development. The oldest parts of the younger folds show the 
same characteristics after a certain space of time and before the 
younger parts of the same fold. Overthrusting gives rise to an 
increase in thickness of the crust and existing volcanic vents may 
become stopped up. The two rows of islands under discussion 
show these relationships so clearly that they might well be used 
as a basis for the explanation of the relation between mountain- 
building and volcanie action in regions where these relations are 
less clear. 

If similar folding forces and accompanying movements рег- 
sist, there will be a progressing extinction of volcanic activity 
on the tops of the northern row of islands as it nears its “уог- 
land.” 

EARTHQUAKES 


It is only comparatively recently that accurate records have 
been made of the location of the epicenters of earthquakes in 
the East Indian Archipelago. Much valuable material has thus 
been lost. From data available, however, it is justifiable to in- 
fer certain relationships between the regions of present active 
deformation and the localities of greatest seismic disturbances. 
In 1898 the first seismograph for the registration of microseisms 
was established at Batavia and in 1908 a Wiechert astatic pen- 
dulum seismometer came into operation. 


Distribution of Epicenters 


It is a well known fact that the earthquake zones of the 
globe may be traced, in a broad way, along the mountain ranges 
of Tertiary age. The East Indian Archipelago is situated at the 
junction of the Mediterranean ranges (Alps, Himalayas, etc.) 
and the circum-Pacific ranges and is, therefore, one of the re- 
gions of the greatest seismicity. But earthquakes do not occur 
where mountains were growing in Tertiary times, but where they 
are still growing. The fact that these two zones (the Tertiary 
mountains and the regions of present deformation) bear so close 
a geographical relationship to each other is of no consequence 
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so far as the causes of earthquakes are concerned. Since earth- 
quakes are a manifestation of active deformation, it should be 
expected that the distribution of the epicenters in the East In- 
dian Archipelago should be restrieted to the regions with rising 
rows of islands and deep sea-basins, which show a complicated 
structure, and that they should be absent from the present stable 
portions which have an exceptionally uniform and undisturbed 
submarine topography. This is exactly the case, for the epi- 
centers which have been calculated for the period from January, 
1909, to August, 1919, are situated in the eastern part of the 
Archipelago and in the parts adjoining the Indian Ocean (west- 
ern Sumatra and southern Java). 

One of the most interesting results of recent seismological re- 
search is the fact that the epicenters in the East Indian Archi- 
pelago lie for the most part under water. These results are quite 
different from the opinions held by previous writers, who have 
supposed that a great many epicenters had their location upon 
the islands. Montessus de Ballore in his treatise on seismological 
geography speaks of a nearly uniform distribution of the epi- 
centers on the island of Java. He thought that the southern 
coast had been relatively stable in recent times. Although 
most of the epicenters are under water, there are some on the 
land. The records of the eastern islands are rather too scanty to 
give reliable results. Оп Sumatra it seems possible to join 
nearly all epicentral areas by seismotectonic lines coinciding with 
the principal series of longitudinal fault-lines of the Barissan 
Mountains, with which an important series of longitudinal val- 
leys and basins is connected. On Java, too, a close relation- 
ship exists between seismic events and geological structure. It 
should perhaps be stated here that the majority of the earth- 
quakes in Java are unquestionably of tectonic origin. 


VOLCANOES AND EARTHQUAKES 


The independence of seismicity and volcanicity is very striking 
in the East Indian Archipelago. We have seen how volcanoes 
are a phase of the mountain-building process. Further, their 
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distribution over the earth follows in a general way the belts 
which are subject to the greatest number ої seismic disturbances. 
But a mutual relationship of volcanic eruptions and earthquakes 
does not exist, if we except the shocks which always accompany 
violent voleanic outbursts. That earthquake zones often сош- 
cide with volcanic zones is true only in a broad sense; we can 
state only that for both phenomena, when considered in detail, 
there is a relation to successive movements of the earth's crust. 

The row of islands to the west of Sumatra is known for its 
frequent and intense earthquakes, but volcanoes are entirely 
lacking. In the case of the агсз about the Banda Sea, active 
volcanoes are restricted entirely to the inner row of islands, while 
both ares are subject to seismic disturbances. On Java violent 
earthquakes have been felt on the slopes of volcanoes. Yet these 
earthquakes are not of volcanic origin, for the activity of the 
volcanoes at the times of the severest earthquakes shows no 
noticeable change in intensity. The majority of the earthquakes 
of Sumatra are not due to vulcanism, but are clearly of tectonic 
origin. | 

In the youngest geological periods the unstable belts of the 
Archipelago occupy a much larger surface than the volcanic 
belts, but volcanic rocks cover vast areas in the unstable regions 
where active volcanoes are not now found. The earth blocks 
can move during long periods, without squeezing out the molten 
magma along the fissures, or an existing volcanic vent may be 
stopped up and lava no longer be exuded at the surface. 


EARTHQUAKES AND GEANTICLINAL MOVEMENTS IN SPACE 


In the chapter on the major tectonic features we explained 
the origin of fractures in association with moving geanticlines. 
Because the principal earthquakes are of tectonic origin, there 
must be a relationship between the epicenters and the charac- 
teristics of the geanticlinal movements in space (Fig. 5). This 
movement can be broadly described by indicating how the pro- 
jections of the geanticlinal axis on the horizontal plane and on a 
vertical plane are moving. It is next of importance to take note 
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of the movement of the section of the surface of the geanticline 
with a vertical plane at right angles to the geanticlinal axis. 
At the beginning of the movement we consider the geanticlinal 
axis to be a straight line; in a later stage this line will not be 
the geanticlinal axis, but for an approximate judgment this 
method is sufficiently accurate. In general the vertical as well 
as the horizontal projection will have obtained a curved form 
at a following stage of the movement. Of the numerous pos- 
sible deformations and the fractures connected with them, we 
shall consider some of the more general types only. 


1. Earthquakes along Longitudinal Tectonic Lines 


Longitudinal tectonic lines may be the intersection of more 
or less vertical, of oblique, or of more or less horizontal planes 
with the surface of the geanticline. If the movement of the 
geanticline is principally in a vertical direction, the movements 
which cause earthquakes may take place along more or less ver- 
tical planes and the epicenters will be arranged along longitudinal 
tectonic lines. If the movement is principally in a horizontal 
direction, the movements may take place along oblique or more 
or less horizontal thrust planes and also in this case the epicenters 
will be arranged along longitudinal tectonic lines. But a condi- 
tion for this arrangement is that there be no strong differences in 
the velocity of movement along the axis of the geanticline. This 
case is illustrated in Figure 8. The axis А", ал, Вл tends to be 
distorted to А”, а, В». It may be expected that the epicenters 
of earthquakes will be arranged along longitudinal tectonic lines. 
The strongest movements will take place on the slopes of the 
present islands and in the adjoining sea-basins. Whether the 
epicenters of most earthquakes will be situated below the sea- 
level, or on the moving slopes of the islands themselves, will 
depend on the height of the sea-level (Sı or б»). 

Examples in the Archipelago of earthquakes along longitudinal 
tectonic lines are the Benkulen earthquake of 1924 (Plate XVII) 
and the Ceram earth- and seaquake of 1899. If the earth’s crust 
is moving along some longitudinal tectonic lines only, the earth- 
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quakes may be of great extent but relatively few in number, be- 
cause they may be easily propagated over long distances parallel 
to the longer axis of the islands. This is, however, not a neces- 
sary result of the movement along longitudinal lines. 

Although the Benkulen earthquake of 1914 was felt all 
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Fra. 8. Movement of the geanticlinal and geosynclinal axes with small 
velocity differences for different parts of the horizontal and vertical pro- 
jections of the axes. S! and $? represent sea-level. 


through the middle and southern parts of Sumatra, the voleanoes 
in these regions showed no appreciable increase in the intensity 
of their activity. The direction of the shocks came from the sea 
and the epicenter is supposed to be a line at a distance of about 
30 kilometers from the coast and with a length of about 120 
kilometers, situated between 3? 45' and 4? 30' south latitude. In 
connection with the fractured submarine cable from Padang to 
Batavia at 5° 3’ south latitude and 120° 49’ east longitude at a 
distance of 68 kilometers from the southern end of the epicentral 
line just mentioned, it has been supposed that the epicenter had 
а somewhat different position. Figure 9 shows these relationships. 

The axial epicenter is parallel to the longer axis of the rising 
geanticlines and may have resulted from a downward adjustment 
of the crust in the geosyncline between Sumatra and the islands 
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to the west. Many of the shocks in this region have their epi- 
centers below sea-level. The row of islands to the west is also 
characterized by a high seismicity. 

The Ceram earth- and seaquake of 1899 was felt throughout 
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Ета. 9. Тһе Benkulen Earthquake of 1914 (western coast of Sumatra), 
after H. Pontoppidan. A-B, epicentral line; C-D, Pleistoseist region; 
E-F, Isoseist. The location of the cable fracture is indicated. 


the Moluccas; from southwest Ceram the propagation was par- 
ticularly strong in an east-west direction, which points to move- 
ments along longitudinal fissures. The submergence of sections 
of the coast was the principal cause of the water waves, for they 
were only of local occurrence. 
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Earthquake sea-waves are rather infrequent along the south- 
ern coast of Java, while they are much more numerous to the 
west of Sumatra. The great tsunamis, which so often devastate 
the shores of Japan, occur in connection with movements in the 
vicinity of the neighboring Tuscarora Deep. The California 


Ета. 10. Movement of the geanticlinal and geosynclinal axes with small 

velocity differences for different parts of the vertical projection and with 

stronger velocity differences for different parts of the horizontal projection 
of the axes. Sı and 5, represent sea-level. 


earthquake of 1906, however, was not followed by tsunamis. The 
movements in this case, on the land above sea-level at least, con- 
sisted more largely of adjustments within the horizontal plane. 
It is likewise possible that the recent movements along the 
south coast of Java are characterized particularly by similar ad- 
justments. у 


2. Earthquakes along Transverse Tectonic Lines 


If there are important differences in velocity of movement 
along the axis of the geantieline, movements along planes which 
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are more or less normal to the geanticlinal axis may also take 
place. In general the differences in velocity between neighboring 
parts of the vertical projection of the axis will not be important, 
if we except the case in which a strong compression is acting in 
the direction of the axis. In the chapter on the major tectonic 
features of the Archipelago, we have indicated that the deforma- 
tion of the horizontal projection of the geanticlinal axis may be 
considerable. This case is illustrated by Figure 10, which repre- 
sents but one of an infinite number of possibilities. In this case 
the differences in velocity for the neighboring parts of the hori- 
zontal projection are rather strong, and, in addition to move- 
ments along longitudinal lines, epicenters may also be expected 
along more or less transverse or diagonal tectonic lines. In the 
figure a simple bending is illustrated, but in the chapter оп the 
tectonic features we pointed out that considerable transverse 
fractures coincide with the bending points of the horizontal pro- 
jection of the geanticlinal axis. Transverse straits are the sur- 
face expression of differences in velocity between neighboring 
points of this projection. At greater depth these differences will 
cause horizontal movements along more or less transverse fault- 
planes. The movements of an earlier stage of evolution will be 
gradually uncovered by erosion and may later be visible at the 
surface of the earth, while similar movements still continue at 
greater depth. Thus the transverse fracture of Strait Sunda 
between Java and Sumatra (on which epicenters are located), 
the epicenters on transverse tectonic lines near the southern 
coast and on the submarine slopes of western Java, and the nu- 
merous transverse faults of an earlier stage of evolution in west- 
ern Java are all the result of differences in velocity of horizontal 
movement between neighboring points of the geanticline. During 
long periods of time these movements have resulted in the west- 
ern part of Java being moved many kilometers toward the south 
with reference to southern Sumatra. Along one of the fault- 
planes in western Java the displacement amounts to 4 kilometers, 
at the very least. In nearly every case the portion to the west 
of the fault-plane is moved relatively toward the south. Figure 


` 
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11 shows the location of the epicenters in the vicinity of Strait 
Sunda. 

We have stated in our discussion concerning tectonics (Chap- 
ter III) that older folds are often cut off by the present coast lines. 
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Fic. 11. Epicenters near West Java and South Sumatra, after S. W. Visser. 

Many are arranged along more or less transverse fractures, and transverse 

faults in West Java. Epicenters on more or less straight lines are illustrated 
in the prolongation of Strait Sunda. 


This can be accounted for entirely as being the result of differ- 
ences between the horizontal components of the rate of move- 
ment for adjacent parts of the geanticline. From these same 
differences result frequent movements along transverse fractures; 
thus we may expect to find earthquakes along transverse tec- 
tonic lines in regions where older folds are cut off by the present 
coast lines. A striking example of this is the region of the islands 
of Ceram and Buru in the Moluccas, but the exact position of 
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the epicenters in the neighborhood of Strait Manipa between 
these islands is not well known. 


3. Longitudinal and Transverse Tectonic Lines Combined 


The intersections of the seismotectonic lines are points of 
high seismicity. After what has been stated above, it is easily 
understood why a region of high seismicity may be expected in 
the neighborhood of Strait Sunda between Java and Sumatra. 
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Кіс. 12. Fault and earthquake regions on the island of Ambon (Moluceas) 
I to V are faults (after R. D. M. Verbeek). 


The coincidence of a bending point of the Tertiary mountain 
range of Ceram and Buru and the transverse fracture connected 
with important horizontal displacements of the deep Manipa 
Strait between these islands suggests another example of this 
kind. Although the exact position of the epicenters is not known 
in the neighborhood of Strait Manipa, much more information is 
available about the seismicity of the adjacent island of Ambon 
(Figure 12). From all the recorded earthquakes on this island, 
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which is entirely lacking in volcanoes, two types can be dis- 
tinguished: 

(a) Heavy shocks along seismotectonic lines transverse to the 
longer axis of the island. 

(b) Shocks of lower intensity with their epicenters not on the 
island itself, but on other islands in the neighborhood. 

The earthquake of 1898 belongs to the first type. The pleis- 
toseist region has the form of a long narrow strip, which coin- 
cides with a fault line, crossing the island in a north-northwest to 
south-southeast direction. The movement was principally a 
horizontal one. In addition to the primary movements with a 
direction as stated above, there have also been felt slight move- 
ments with a direction nearly perpendicular to the primary one, 
which probably correspond to longitudinal tectonic lines, which 
are known along the faulted coasts of the island. Earthquakes 
along longitudinal tectonic lines have already been mentioned as 
occurring along the southern coast of the island of Ceram; many 
transverse fractures are known in the neighborhood of Strait 
Manipa, which proves that this region is characterized by the 
combined occurrence of longitudinal and transverse tectonic 
lines. If a seismograph were to be established in the eastern 
part of the Archipelago, for instance on the island of Ambon, our 
knowledge concerning the crustal movements in this very inter- 
esting part of the Archipelago would be greatly augmented. 


СНАРТЕВ У 
ECONOMIC GEOLOGY 


In the present stages of exploitation the principal deposits 
of economic importance are petroleum, coal, tin, gold and silver. 
Important quantities of iron ore of good quality have been found, 
but are not yet being exploited. The petroleum industry is en- 
tirely in the hands of private companies; coal, silver, gold and 
tin are exploited in part by the government. 

So far as the ore deposits are concerned, the difference be- 
tween the eastern and western parts of the Archipelago, which we 
have had occasion to mention so often, is again of considerable 
interest.! Basic igneous rocks predominate in the eastern and 
acid igneous rocks in the western part. The character of the 
various ore deposits bears an intimate relation to the character 
of the igneous rocks with which they are associated. To be 
sure, the boundary between these two regions is by no means 
so sharp in regard to the character of the rocks as it is with 
reference to the tectonic relationships. Аз an example of this, 
basie igneous rocks are found to a certain extent in eastern 
Borneo, while acid ones are found in western Celebes. The 
more acid rocks (granites and diorites principally) of the western 
part are of importance in the relation which they bear to the 
tin deposits, eluvial and stream deposits of gold, and contact 
metamorphic топ ores. The Базе rocks (peridotites and related 
rocks) of the eastern part are of importance with regard to the 
lateritic residuary iron ores, with which nickel and manganese 
ores are associated. Chromium, a little platinum, and probably 
diamonds, also occur in these latter rocks. In the western part 

1 Hövig, P., “De Ertsafzettingen van Ned. Indieé:” Algemeen Inge- 
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Fie. 13. Fractures and faults in the Lebong region, 
Benkulen, Sumatra (after Р. Hövig) 
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partieularly, the Tertiary andesites and related rocks are asso- 
ciated with ore deposits, principally primary deposits of gold and 
silver. 


Т. METALLIFEROUS DEPOSITS 


Gold and ¡Silver 


There are many primary deposits of gold and silver which 
are similar in many respects to those in other regions of the Ter- 
tiary mountains that lie about the borders of the Pacific Ocean. 
They are associated with Tertiary andesites, principally augite- 
andesites, but quite often a more acid rock (dacite, trachyte) is 
also found in contact with the deposits, which are for the most 
part normal fissure veins. Sometimes the ore is found in rocks 
which have been altered by silicification or propylitization. 

In the Lebong region in Benkulen of western Sumatra, where 
many deposits of commercial importance have been found, the 
relation between ore deposition and tectonic structure is par- 
ticularly clear. In this region three systems of faults and frac- 
tures have been identified; one in the direction of the longer 
axis of Sumatra (Sumatra direction), and two systems at right 
angles to each other of which one (Lebong direction) strikes 
north 73° west. Figure 13 shows the location and relationships 
between these fracture systems and their relationship to the ore 
deposits. The fractures and faults are sometimes clearly visible 
in the topography. They control the courses of many of the 
streams and determine the location of hot springs. Quartz veins 
and gold and silver deposits are also found along them. Gold 
and silver mines are found at or near the intersections of the 
fractures of the Sumatra and the Lebong directions. The ores 
have been deposited in fissures which have the Lebong direc- 
tion at Lebong Husin, L. Karang, L. Suluh, and L. Sulit; the 
direction normal to it at Tandai and Tambang Sawah and the 
Sumatra direction at Lebong Donok (Redjang Lebong). In some 
places movements have taken place since the ascent of the gold- 
bearing solutions, аз is proved by faults which have influenced 
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the ore deposits. These dislocations, which probably continued 
in association with the ore deposition during the whole of Mio- 
cene time, seem to be the result of pressure in a southwest to 
northeast direction. These same pressures also caused the fold- 
ing of the oldest Tertiary sediments. 
As to their composition, the different ores can be divided into 

three groups: 

1. Selenium-bearing 

2. Manganese-bearing 

3. Sulphide group. 


These three groups are interrelated, that is, there are transitions 
connecting them. 

A typical representative of the first group is the deposit of 
Lebong Donok in Benkulen, western Sumatra. The ore consists 
of banded quartz or chalcedony, in which no gold or sulphides, 
with the exception of a little pyrite, are visible. An analysis of 
a sample from one of the higher parts of the deposit gave the 
following result: 

Se, 0.015 per cent 
Au, 0.004 per cent 
Ag, 0.028 per cent 


There is probably no native gold in this deposit; it may more 
likely be present as gold selenide (AuSe). Smaller quantities of 
selenium have also been found in other depostis, such as Lebong 
Sulit, Lebong Tandai in Benkulen, Salida in western Sumatra, 
and Sumalata in northern Celebes. 

Typical examples of the manganese-bearing group are the 
deposits of Gedang Ilir at Tambang Sawah in Benkulen, western 
Sumatra, and of Mangani in the Highlands of Padang, Sumatra. 
Both of these deposits are principally deposits of silver ores. 
The proportion of silver to gold is about 115 parts to 1 at Man- 
gani, and about 200 parts to 1 at Tambang Sawah. In the zone 
of oxidation the manganese is found as wad and psilomelane, 
which give the ore a black color. These minerals are princıpally 
the products of the decomposition of manganese silicates, such 
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ав the manganese zeolite, inesite. Some of the other deposits in 
Benkulen are also characterized by the occurrence of wad in the 
zone of oxidation, as at Lebong Simpang where the proportion 
of silver to gold is about 1 to 2. In the deposit of silver ore 
at Gedang Піг (Tambang Sawah), the silver is present in the 
zone of oxidation as an oxidized compound of manganese and 
silver, probably only in a small part as argentite. In the zone 
of cementation it is found as an idiomorphic mixture of jalpaite 
(cupriferous argentite) and argentite with a chemical composition 
of 78.8 per cent silver, 5.8 per cent copper, and 15.4 per cent 
sulphur. The silver is present in small quantities as native sil- 
ver and as an alloy with gold. Chalcopyrite, sphalerite, galena 
and some pyrite are also found. The silver ore in the zone of 
cementation at Mangani consists of argentite, ruby silver оге 
and brittle silver ore (stephanite), with which galena, pyrite 
and chalcopyrite are associated. 

The third or sulphide group of gold-silver deposits generally 
has included with the gold-silver sulphide the sulphides of lead, 
zinc, copper and some pyrite. These are sometimes quite abun- 
dant, as in the Tandai deposit in Benkulen. Generally the sul- 
phide content is not more than a small percentage of the ore 
body (3 per cent in the deposit of Lebong Sulit, Benkulen). In 
some of the Benkulen deposits pyrite is the only, or almost the 
only, sulphide. In some of the deposits of northern Celebes 
(Sumalata, Paleleh), the ore veins consist entirely of sulphides — 
pyrrhotite, arsenopyrite, pyrite and a little galena, sphalerite and 
chalcopyrite. It is not yet quite certain that all the deposits in 
this region are of Tertiary age. The igneous rocks associated 
with the deposit of Sumalata have been described as olivine dia- 
base, diorite, amphibole, augite and diabase-porphyrite; those 
associated with the Paleleh deposits, as a diorite with transi- 
tions to porphyrite or andesite. The deposit of Kota Bunan is 
due to metasomatic replacement of andesite. On both sides of 
а narrow fissure the .propylitized andesite is impregnated with 
pyrite, sphalerite and a little galena. The propylitization is 
found to a distance of about 50 meters from the fissure, the 
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sulphide and gold content decreasing, of course, from either side 
of the fissure. 

A different deposit is that of Totok in northern Celebes, where 
the gold-bearing solutions, which ascended along the boundary of 
Old Miocene limestone and hornblende andesite, probably 
younger in age, have caused a silicification of the limestone and 
& part of the andesite. Native gold is found in the quartz of 
the silicified parts of the limestone and also in secondary cal- 
cite. 

The granitic rocks and the more or less metamorphic sedi- 
ments of the western part of the Archipelago (Sumatra and 
Borneo) contain gold-bearing veins. These veins are of small 
dimensions and thus far no veins of any great importance have 
been found. The veins are siliceous, containing quartz and in 
addition sulphides, principally chaleopyrite and other copper 
sulphides, pyrite and sometimes a little galena or sphalerite. The 
occurrence and origin of these deposits are related to the tin 
ores of Banka and Billiton, where gold is found in small quan- 
tities only, while to the east and to the west some tin is found 
associated with the gold-bearing veins. The eluvial and stream 
deposits which have resulted from the disintegration of the rocks 
containing the gold-bearing veins have been of importance 
through native exploitation only. Such deposits have been ex- 
ploited in Atjeh, Tapanuli, Djambi and Palembang in Sumatra, 
in western Borneo, and in Timor. In the placers of western 
Borneo native copper and tourmaline-bearing pebbles are often 
found. The significance of the exploitation of these alluvial 
deposits has been decreasing rapidly with better economic con- 
ditions which enable the population to make their living in some 
easier way. 

Another gold-bearing deposit, evidently of contact metamor- 
рые origin and associated with granitic rocks, is that of the Sin- 
turu mine in western Borneo. This deposit has been exploited 
under European supervision. The ore is found between a quartz 
porphyry and a tufaceous rock, which has probably been hard- 
ened by contact metamorphism. The deposit consists of quartz, 
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calcite, reddish-brown garnet, green augite, fluorite and actino- 
‘lite with native gold and small amounts of a mineral containing 
bismuth, tellurium and sulphur, which is probably tetradymite. 

The production of gold and silver from the more important 
mines from the years 1917 to 1921 has been as follows, the 
amounts being given in grams: 


1917 1918 


Gold Silver Gold Silver 


Redjang Lebong er 949,098| 4,812,825|| 755,8413,937,998 
Simau Sumatra 1,077,138| 6,899,353||1,125,083/8,608,945 
Mangani (Aequator) т coast|| 127,950(12,217,484 63,897/8,285,743 
Salida of Sumatra | 427,271| 8,632,810|| 278,384/7,512,790 
Totok Їх th 180,066 97,108|| 174,848| 75,043 
Paleleh er eee 336,990) 396,577| 208,209} 58,048 
Bolang Mongondou |  Celebes 441,305] 443,877| 350,081| 203,122 
1919 1920 1921 
Gold Silver Gold Silver Gold Silver 

Redjang 

Lebong 659,042) 3,858,620| 725,183] 4,130,444|| 762,100] 4,192,640 
Simau 1,111,346} 8,836,364111,088,283110,451,280111,273,660112,664,620 
Mangani 

(Aequator) 75,930111,688,680| 110,245110,898,442)| 108,698) 7,408,222 
Salıda 223,540| 6,408,840|| 215,720| 5,902,910|| 235,039) 6,809,540 
Totok 157,352 72,690|| 130,496 59,314| 75,007 37,089 
Paleleh 198,955]  286,483| 195,461 — 255,776| 350,776 
Bolang 


Mongondou| 358,771] 214,804|| 291,835] 310,244|| 256,104| 514,022 
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With the gold obtained from less important mines and placers, 
in large part of native and Chinese exploitation, the total pro- 
duction has been (in grams): 


Gold Silver 
EG х 3,892,813 34,014,680 
ISIN 3,173,967 28,912,070 
aloe 2,792,267 31,316,481 
LOE 2,763,344 31,752,634 
ТОЯ 2,929,101 31,787,561 
Iron 


In association with the grano-dioritic magmas, which are 
found principally in the western part of the Archipelago, iron 
ore has been deposited by magmatie differentiation and by ema- 
nation in veins, ог in contact metamorphic sediments, mostly 
limestones. Similar deposits are not found in connection with 
the Базе magmas, which are of such widespread occurrence in 
the eastern part of the Archipelago, but here important residual 
deposits of iron ore have been formed by the weathering of the 
Базе rocks. Alluvial deposits, such as are found on Java and a 
few other places in the Archipelago (e.g. Bali), consist of black 
sands which have their ultimate origin in volcanic deposits. The 
black sands of the south coast of Java consist chiefly of magnet- 
ite and titanite iron ores, pyroxene, amphibole with some quartz, 
and other minerals. The rivers wash fragments of andesites and 
basalts down from the slopes of the voleanie mountains and the 
action of the surf along the shore segregates the heavier magnet- 
ite, etc., and carries the lighter materials out to sea. Three 
other classes of iron ores should also be mentioned, namely, elu- 
vial, concretionary and marsh deposits. Of all these classes, the 
most important are the residual and the contact metamorphic 
deposits. 


Residual Deposits 


Very important quantities of iron ore of good quality have 
been found in the lake region of central Celebes and on the is- 
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lands of Strait Laut with the neighboring parts of southeastern 
Borneo. In the lake region of central Celebes peridotites (lher- 
zolites and harzburgites) cover a surface of about 4500 square 
kilometers and deposits of iron ore are found in the whole area. 
They belong, at least for the greater part, to a lateritic product 
of the weathering of the basic igneous rocks and are of the 
same type as the well known Cuban ores. The total quantity 
of ore in the deposits as they are now known has been estimated 


Surface blocks 
hard ore 


Loose blocks Қи Тш зле EBEN 
in soft ore Sa 8 5 5 ә о СЭ < ою оссо 


= о © em с> © о с Фо о » Ооо Э оо ООО 
o 4959 оо 9 OF огоо 6219127 57,0 E ооо 


416737, Po et 


ООГТ ore 


Fra. 14. A diagrammatie section of the iron ores 
in the Larona Field 


at more than one thousand millions of tons. (More deposits have 
been discovered since this estimate was made.) One of the fields, 
the Larona, has been investigated in some detail. The average 
thickness of the deposit is about 11.5.meters, the greatest thick- 
ness found being 22 meters. For the greater part the ore con- 
sists of lateritic clay, which is usually covered by a capping of 
hard ore, with an average thickness of 0.30 meters, although 
it is sometimes as much as 2 meters in thickness. Below this 
capping layer lies à zone of mixed ore, in which hard blocks of 
iron ore are found in the lateritic clay. The number and size of 
the blocks in this zone decrease with an increase in depth. 
Figure 14 shows the structure of this type of deposit. 

The proportion between the hard and soft ores in the inves- 
tigated part of the field is favorable; in а total amount of 373 
millions of tons, 12 millions are of hard ore. The soft ore con- 
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tains about 40 per cent of water, of which about 25 per cent 
disappears when dried at normal temperatures and 15 per cent 
more when heated. The average chemical composition of hard, 
mixed and soft ores from two different localities is given in the 
following table. The analyses were made from dry ores. 


Hatd Mixed Soft Hard Mixed Soft 


ore ore ore ore ore ore 

Fez0; 72.00 71.80 CABS 71.95 70.10 72.80 
ALO; 7.90 7.40 10.80 8.40 8.60 8.10 
СізО; 2230 2.10 1570 1.90 2015 1.85 
Mn304 ТОБ 1.98 1256 1.68 1.97 1.59 
NiO 0.50 0220 0.52 0.56 0.64 0.58 
SiO» 0.46 0.58 0.54 0.80 0.84 0.70 
Р.О, 0.059 0.082 0.089 0.101 0.087 0.108 
MgO 0.40 0.36 0.35 0.45 0.49 0.40 
СоО trace trace trace trace trace trace 
Loss on 

ignition 14.84 15.42 12.16 14.30 14.74 14.30 
Sum 99.969 99.942 | 100.069 || 100.141 99.617 | 100.428 


In addition to these lateritic residual iron ores, a different 
kind of deposit, probably formed by precipitation from iron- 
bearing solutions, is also found in central Celebes. The propor- 
tion of Ке Оз to AlO; is greater and a rather high SiO; and MgO 
content is the result of the ore being mixed with silt. Sometimes 
the manganese content of these ores is important. 

On the islands of Strait Laut with the neighboring islands of 
southeastern Borneo, residual deposits of about the same com- 
position as those indicated above have been found in great quan- 
tities. On the island of Sebuku, the quantity of ore is estimated 
at 300 millions, on the island of Suwangi at 20 millions, and in 
one of the neighboring fields of Borneo at 120 millions of tons. 
The ores of Sebuku, and probably also those of other islands in 
the neighborhood, have been formed, not by the weathering of 
basic igneous rocks, but by the weathering of detrital deposits 
derived from these rocks. The deposits consist of red earth with 
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hard blocks of ore, showing considerable variation in size. The 
hard ore gives a red streak and has magnetic properties; it 
consists principally of hematite with magnetite. The analyses 
given below show the composition of the ore. Number 1 is 
from a depth of 2.5 to 5 meters, Number 2 from a depth of 0 to 
2.5 meters (both of the foregoing are average samples from 
different localities), and Number 3 is from large blocks: 


1 2 D 

FeO; TL 68.9 88.57 
ALO; ШР 21 12255121 7 20 
CrO; 1.60 1.87 0.34 
MnO; trace trace trace 
Р.О, 0.004 0.007 0.007 
S105 72.10) 2752 0.80 
Insoluble 0.18 0.24 0.28 
Water 

at 100 2.51 3.88 0.61 
Loss on 

ignition 9.86 10.76 2.55 


On several islands in the eástern part of the Archipelago, 
where basic igneous rocks occur, similar residual deposits of iron 
ore have been found. Products of the weathering of rock with 
a high iron content are also found on the tin islands (Banka and 
others), and similar products will probably also be found in west- 
ern Borneo. 


Contact Deposits 


Deposits of this type are of widespread occurrence. The 
principal ore mineral is magnetite, which in the upper parts of 
the deposits is often altered to hematite. Such deposits are 
found all over Sumatra where granites occur, as in Atjeh, Ta- 
panuli, along the west coast, Palembang, Lampongs and probably 
also in Djambi. The most important occurrence of this type is 
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found in the Lampongs (Ranggal Zone). Similar deposits are 
known from southeastern Borneo (Kotawaringin, Tanah Laut), 
adjacent parts of western Borneo, and from the southern part 
of Celebes (Rante Pao, South Boni). In ores from the Ranggal 
Zone (Lampongs) about 65 per cent of iron, traces of phosphorus, 
sulphur and titanium, and from 1 to 10 per cent of silica have been 
found. Of some other ores of this type, the chemical composition 
is given in the table below: 


Вт RAJAH (PALEMBANG) 
Sumatra Way Waya 


KOTAWARINGIN 
(LAMPONGS) S. E. Borneo 
Primary | Secondary Sumatra 
ore ore 

Fe,03 73.8 85.6 93.2 91.2 
FeO 24.3 TÉ GTI 235 = 
AlO; 215 35 023 0.3 
SiO» 0.5 1.76 1.95 DA. 
CFO; 0.03 — E = 
Р.О; trace 0.08 | == = 
MnO -- -- == 1.60 
Loss on 

ignition — 12 12 8.97 


In the ores of some of the deposits small quantities of tin 
. have been found. If sulphides are absent, it seems to be due in 
part to atmospheric influences. Pyrite and chalcopyrite are fre- 
quently found, and in some of the deposits gold and silver are 
found associated with them. The eluvial deposits of iron ore of 
the Bt Rajah (Palembang) have been worked by the natives for 
gold and not for iron. The total amount of ore in the different 
deposits of the Ranggal Zone in the Lampongs of sauthern Su- 
matra is between 2 and 4 millions of tons. It is the most impor- 
tant occurrence of this type that is now known. 
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Manganese 


Deposits of manganese ore of metasomatic origin are known 
from Java. Similar deposits on other islands, as those of Flores, 
are very likely of the same origin. On Java the ore is exploited 
in the Resideney of Djokdjakarta, where it forms a bed between 
Miocene limestone and silicified marl with a thickness of from 
1 to 1.5, and locally, 1.8 meters. The lowest part of the bed, 
with a thickness of 0.5 meters is pure ore (pyrolusite), with 50 
per cent manganese. The upper part of the bed is mixed with 
silicates and lime. The manganese content of the metasomatic 
solutions was derived from younger volcanic rocks and loose vol- 
canic debris. 

In Borneo and some islands in the eastern part of the Archi- 
pelago, particularly Timor and Rotti, nodules, flat concretions 
and beds of manganese are found in Mesozoic deposits, which 
are considered to be of deep sea origin. An example of true 
bedded manganese deposits is given in a complex series of rocks 
of Upper Triassic age, near Kapan in central Timor. The ore- 
bearing portion of the complex is 25 meters thick and contains 
about 10 manganese-bearing beds, which are closely connected 
with variegated, siliceous, clay shales and cherts with radiolaria. 
The manganese-bearing beds vary in thickness from 2 to 30 
centimeters. Iron is found with the manganese, but with an 
increasing manganese content the iron content decreases, as 13 
seen from the following analyses, which are made from beds with 
the highest iron and manganese content. The amounts are given 
as percentages. 


Fe Mn Thickness of bed 
in centimeters 
26.68 9.29 30 
9.16 851217 10 
3.82 42.32 20 
3.65 57.89 8 


"If the manganese is present chiefly as pyrolusite, then the last 
analysis represents a rather pure manganese ore. 
Concretions of manganese are also found in the alluvial tin 
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deposits of Banka and in Pliocene marls of the island of Rotti 
(Plate IX B). 

Some of the iron ores of central Celebes, which were probably 
formed by precipitation, have a high manganese content as is seen 
from the analysis given below: 


SO САЛ EE FEE 3.46 
Bei uade ОТО ER ТӨРЖ: 47.60 
Al: а 0.92 
MN: On ote EA TU eee 24.09 
СО ER EHRE 0.46 
NIO КККК КО PIERRE: 1.18 
Соб ое T 0.82 
Мо 1.65 
Саб trace 
1 05: (07258110 (886 525 POET TT 19.3 
А aet A 99.48 


The residual deposits ої lateritic iron ore also have a small 
manganese content. 

Of the other deposits of manganese ore that have become 
known, we should mention the occurrence in Borneo (Pengaron) 
and Sumatra (Babah Lho, west coast of Atjeh) of deposits which 
are probably of contact metamorphic origin, especially those near 
diabase porphyry and granite. 

The manganese content of some of the Young Tertiary silver 
and gold deposits has already been mentioned. Particularly good 
examples of the ores, in their unweathered condition, are those of 
the mines Tambang Sawah in Benkulen and Mangani on the 
west coast of Sumatra, which contain large quantities of man- 
ganese silicates (rhodonite, inesite) which in the zone of oxida- 
tion have been altered to wad, psilomelane and other oxidized 
manganese minerals. In the zone of oxidation of the Gedang 
Ilir deposit (Tambang Sawah), the MnO, content averages about 
20 per cent. 

The total amount of manganese ore (MnO;) which has been 
produced in Netherlands East Indies up to and including 1921 is 
more than 30,000 tons. This amount has been derived almost 
entirely from the concession Keliripan in the Residency of Djok- 
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djakarta in Java. The annual production from 1918 to 1921 has 
been — 
MnO» in tons of 1000 kilograms 


ONE E а 1450 
MM eo oe 2915 
ШОО E ХАЛ. 4179 
O е 07 2093 
Copper 


Copper has been found at numerous localities in the Archi- 
pelago and on several of the islands the deposits have been in- 
vestigated, but so far there has been no exploitation. In the 
western part of the Archipelago, where granites are abundant, 
the copper ores occur in the following ways: 


1. In association with granitic magmas: 

(a) Veins and dikes in the granites and the surrounding con- 
tact metamorphic rocks, similar to the primary deposits of 
tin ore on the tin islands of the Archipelago. 

(b) Impregnations of the contact metamorphic rocks with 
much garnet, iron ores and copper minerals. 

2. Associated with Young Tertiary andesites, ефс. in deposits 
which belong genetically to the same group as the Young 

Tertiary deposits of gold and silver. 


Deposits belonging to group Та, have been studied in western 
Borneo, particularly in the Chinese districts of Mandor, Mon- 
trado and Bengkajang. The vein material sometimes consists of 
quartz, chalcocite, chalcopyrite, malachite, cuprite, covellite and 
pyrite, with some sphalerite and galena; in many places the cop- 
per minerals are more or less replaced by pyrite. 

A deposit in northern Celebes near the Molosipat River (Go- 
rontalo) is probably a bed vein in chloritie schists, which may be 
related to granitic rocks. The total breadth of the mineralized 
zone is about 13 meters; the copper is present principally as 
chalcopyrite with some chalcocite. Some oxidized ores, and in 
rare cases native copper, are restricted to the surface zone. The 
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average composition of the ore in percentages at the highest 
level was — 


о a EE CAES CT Dr a 11.9 
VALER ME TH рсе 13.64 
Bec ste ЫЛАР ӘУЕН oe c 14.91 
КО en A TRAE TENIS ы 9 25.35 
SIO Be N РИ 34.05 
Mg AU, Ас өсе. 0.15 


At a level of 80 meters below the first, the average copper соп- 
tent is estimated at 5 per cent, which seems to prove that the 
copper content decreases with depth. 

The copper deposits belonging to Group 1b often show local 
secondary enrichment. The copper content of the contact meta- 
morphic deposits of iron ore has already been mentioned, and it 
should be added here that similar occurrences are found with 
lead and zinc, as in Rawas, Sumatra. By secondary enrichment, 
high grade ore is locally found, as in the Sibumbun Mountains 
near the lake of Singkarah, Sumatra. In garnetiferous rocks, 
which have been formed in contact with granites, copper is found 
in many places. The principal copper minerals in this type of 
occurrence are chalcocite, chalcopyrite, malachite and azurite. ` 
Loose blocks at the surface with 9.5 to 12 per cent copper have 
raised high expectations, but the average ore seems to be rather 
poor. 

In the deposits belonging to Group 2, the copper is rarely 
present in such quantities that it has to be taken into considera- 
tion in the extraction of gold and silver by the суапіде process. 
Deposits belonging to the same genetic type have been found in 
the residencies of Preanger Regencies and Madiun, e.g. Patjitan, 
Ponorogo. In the latter region the deposits are in association 
with Tertiary andesites and perhaps with a more acid volcanic 
rock; the metals are copper (without lead and zinc) and some 
gold and silver. An average copper content of from 1 to 9 per 
cent has been mentioned, but this probably represents ores from 
near the surface. The thickness of the deposits seems to vary 
between 0.5 and 2 meters. Similar deposits have been found in 
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the Lebong region of Benkulen, Sumatra, and they may be ex- 
pected to occur in several other places in Sumatra. 

In the eastern part of the Archipelago, copper deposits are 
known, which are, for the greater part at least, connected with 
basic igneous rocks. In Timor malachite is found as incrustations 
on blocks of basic igneous rocks, on pebbles of a gravel terrace, 
and on fractures in basic igneous rocks. It is also found with 
quartz and copper sulphides (chalcopyrite, chalcocite and born- 
ite) in small veins in these basic igneous rocks, and in quartz 
veins within limestones and sandstones. Blocks of native cop- 
per with calcite, even more than 15 kilograms in weight, have 
been mentioned, and fragments of covellite and cuprite with na- 
tive copper have been found in variegated shales which occur 
in the Mesozoic formations of the island. The fossils in these 
beds have in some cases been altered to copper ore. It seems to 
be a plausible supposition that all these different kinds of copper 
ore deposits are derived from the copper content of the widely 
spread basic igneous rocks. 

In the southern part of central Celebes malachite and native 
copper are found in small fissures in purple and reddish slates. 
A copper content of 50 to 150 grams in one cubic meter of the 
vein-bearing beds has been found in some localities. The depos- 
its seem to be of similar origin to those on Timor. 

Finally the occurrence of a copper deposit, in association with 
an intrusion of a diabase-like rock in northern Celebes (Kwala 
Bukal, Bwool), should be mentioned. The vein material is 
quartz with some barite, copper and zinc; the vein is in the dia- 
base and has to a depth of 5 to 15 meters an average copper con- 
tent of 20 per cent (with 0.4 ounces of gold and 5.02 ounces of 
silver to the ton). The deposits have not been exploited, 
probably because there is secondary enrichment in the zone of 
cementation, while the ore content decreases rapidly at greater 
depths. The ore deposit seems to be connected with the dia- 
base-like rock, which is intrusive in Early Tertiary or Cretaceous 
rocks, in a manner similar to the Tertiary gold-silver veins with 
the andesites. 
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Copper ore has also been mentioned from the islands of Bat- 
jan and Snapan (near Salawati) in the northern Moluccas. 


Lead and Zinc 


Sulphides of lead "ала zinc have already been mentioned, in 
connection with ores of other metals. They are found in the 
Late Tertiary gold-silver veins, in deposits of copper ore, and in 
the primary deposits of tin ore. There are but a few deposits 
which are of importance primarily because of their lead and 
zinc content. One of these deposits belonging to the contact 
metamorphie type is in the Residency of Palembang of Sumatra 
(Sei Tuboh, Rawas). Оп both sides of а dike of hornblende- 
porphyrite in limestone of probable Mesozoic age, the ore occurs 
in irregular lenticular bodies with sphalerite, galena, chalcopyrite, 
pyrite, garnet, actinolite, quartz and calcite. At the surface 
some large blocks are found, consisting principally of silver- 
bearing galena, with some cerussite, green copper minerals, limo- 
nite and quartz. Near the surface the ore is principally galena, 
but at slight depths the sphalerite content becomes important. 
The ore is richer in metals where the actinolite content increases, 
poorer where garnet is the principal mineral. The ore body has 
been explored to а depth of 32 meters and has been found to 
have an average composition as follows (figures give percentages): 


Galena sedis ТИСЕ ТА > ТІ 17.0 
Sphaleriter бу ыз I T EE 16.0 
СПасорул лац ал ER UTE ES 5.8 
PIT МЕ ET ERE 2.0 
(3anguesminerals zm TETTE 60.0 


In the same neighborhood as the deposits mentioned above, 
there are other occurrences which are rich in pyrite and con- 
tain also some lead, zinc and copper. Near the surface the py- 
rite is altered to limonite with a silver content averaging 500 to 
1000 grams per ton. 

Deposits which are probably related to granitic or dioritic 
magmas occur in the southern part of the Highlands of Padang, 
southeast of Muara Labuh. In one of the lodes galena, angle- 
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site, cerussite, iron and manganese minerals, and some соррег 
ore occur with quartz. The value of this ore is mainly depend- 
ent upon the gold content. Another lode contains oxides of 
manganese, pyrite, lead, silver and a little gold. 

In central Celebes, near Sassak (to the west of Palopo), 
several galena-bearing veins occur in diorites, andesites and ker- 
santites, which are intrusive in Old Tertiary sediments. The 
veins consist of propylitic material with pyrite, quartz and galena, 
while antimonite; sphalerite, arsenopyrite, calcite and kaolinite 
are also found. Gold and silver are generally present; the silver 
mainly with galena, the gold with the quartz. At the surface 
outerops of compact galena are often found, but № was proved 
that at greater depth they represent lenticular masses, which in 
most cases do not measure more than a few meters. (Lenticular 
masses up to 30 meters in length have been found.) 

Tin 

In nearly all of the important tin fields of the world deposits 
of detrital tin ore are found in addition to the lodes. These 
detrital deposits are by far the most important source of tin 
and have long been the only supply of the ore in the well known 
tin islands to the southeast of the Malay Peninsula (the Riouw 
Archipelago, Banka and Billiton). 


Detrital Deposits 

The stanniferous detritus of the tin islands occurs in two ways. 
First it is found as valley (kollong) deposits, the true tin ground 
lying on the bed rock and being covered by sands and clay, 
which are free, or at least nearly free, from ore. Secondly the 
tin is found as eluvial (kulit) deposits; the ore occurs in the 
weathered surface deposits near the primary deposits from which 
it is derived, and it is not concentrated in the lowest parts of 
the deposit. Deposits intermediate between these two are known 
as kulit-kollong deposits. 

The lowermost deposits containing the tin ore are found on 
the islands at a depth of several meters below the present sea- 
level, and the exploitation of the so-called sea tin has demon- 
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strated the existence of submarine prolongations of a number of 
the river valleys. In one of the rivers of the island of Singkep 
of the Riouw Archipelago, the lowermost tin-bearing part of the 
alluvium worked a few years ago lies at about 17 meters below 
sea-level. The stream deposits at a distance of 1300 meters 
from the shore are about 10 meters thick, while the sea above 
them has a depth of 7 meters. In Chapter I reference was made 
to the origin of these drowned tin ore deposits as being due to 
the rise of the sea as a result of the disappearance of the great 
ice-sheets of the Pleistocene. It is obvious that both the stream 
tin ore deposits and the eluvial deposits may have been some- 
what modified by the action of the surf in the period of the rise 
of the sea-level, as well as during the slight fluctuations of the 
sea-level in recent times. 

The valley deposits are found below the valleys of the present 
rivers, but they do not always coincide with them. From the 
depth at which the bed rock has been found in the exploitations, 
it can be calculated that the slope of the old river beds was much 
greater than that of the present ones, particularly in the lower 
parts of the courses of the present rivers. Slopes of about 1 to 
150 to 1 to 200, which occur in the old river beds below the 
lower courses of the present rivers, of which the slope is very 
small, can be followed in the submarine prolongations of these 
older river beds. : 

Less important deposits of stream-tin are found along the 
courses of the Kampar and Rokan rivers and their tributaries in 
eastern Sumatra. Parts of these deposits have proved to be of 
commercial value, for instance those near Bangkinang. In other 
parts of eastern Sumatra (Djambi and Palembang) and in west- 
ern Borneo, the occurrence of stream tin has been noted, but 
none of these deposits have as yet assumed any importance. 


Primary Deposits 


The line of granitic intrusions, forming the higher lands of 
the Malay Peninsula and extending from Siam to the tin is- 
lands of the Archipelago, are associated throughout with tin ore. 


Economic Geology 113 


On account of the important supply of detrital tin ore, the 
primary deposits did not attract much attention for a long time. 
The exploration of tin lodes was first begun on the island of Bil- 
liton, where most of the available knowledge about the primary 
tin deposits has been obtained. The granites are intrusive in a 
series of sandstones, conglomerates and clay shales with inter- 
bedded diabase. The age of this series of rocks cannot be de- 
termined by fossil evidence, but there are indications that they 
are, at least for the greater part, of Mesozoic age. Quartzites, 
siliceous slates, hornfels, ete., have been formed by contact meta- 
morphism. Although Tertiary sediments are absent from the tin 
islands, the granites, which are intrusive in the sediments, are 
considered to be of Mesozoic (perhaps Middle or Late Mesozoic) 
age. 


The primary deposits of tin ore can be divided into two 
groups: 

1. Those in granite, which are called greisen deposits. 

2. Those outside the granites — in the sediments. 
Greisen 

One of the deposits in the granite is that of the Tikus mine 
on Billiton. Irregular quartz bodies, which contain crystals of 
cassiterite and wolframite, are found in the granite and are ac- 
companied by a zone of greisen, which has a breadth of about 40 
meters and in which several other minerals have been found, 
especially pyrite, chalcopyrite, galena, arsenopyrite, sphalerite, 
scorodite, cerussite and topaz. The average tin content of the 
greisen is about 1.5 per cent. Dependent upon the intensity of 
the alteration of granite to greisen, several stages can be distin- 
guished. On Banka the name tin-granite is in use for the more 
granitic stages. In the greisen or tin-granites of Banka, topaz, 
tourmaline and fluorite have been found. In the greisen of the 
river Belami (Koba), the following sulphides occur: galena, with as 
much as 500 grams of silver per ton, bornite, chalcopyrite and 
sphalerite; in the valley of Serudus also in Koba, arsenopyrite is 
also found. Wolframite is a rare mineral on Banka. Veins of 


114 Geology of the Netherlands East Indies 


kaolin with some quartz, zircon, tourmaline and cassiterite are 
sometimes found. They probably represent altered aplites, which 
have been found in greisen of both Banka and Billiton. In greisen 
from the neighborhood of Blinjou on Banka, a tin content of about 
0.13 per cent has been found in kaolinized parts of the deposit. 
Another greisen has about 0.0175, with the richest part possessing 
0.18 per cent. However even now not much is known about the 
tin content of the greisen on this island. The greisen is certainly 
of widespread occurrence and may be expected wherever stream 
deposits of tin ore are known in and near the granites. 


Tin Lodes in Sedimentary Rocks 


A large part of the tin-bearing deposits in the sedimentary 
rocks consists mainly of quartz with cassiterite; some deposits 
are rich in sulphides and іп such cases these deposits are con- 
nected by transitional stages with the deposits containing iron, 
mainly magnetite. 

More or less typical representatives of the first group show- 
ing transitional stages to the second are the deposits of Tebou on 
Billiton, and Sambong Giri on Banka. In the Tebou deposit 
several narrow veins are found in contact metamorphic quartz- 
ite. In these veinlets, quartz, cassiterite and some pyrite are 
found. Tourmaline is also present. A grey mineral, which is 
probably galena, is often intergrown with pyrite and occurs in 
small quantities only. Sometimes cassiterite or pyrite is lacking 
and in other places there is an enriehment of these minerals. 
Fluorine-bearing mica is a typical mineral of these deposits. The 
deposits of Sambong Giri are also principally in contact meta- 
morphic quartzite. Narrow veins, which locally widen to lodes 
with much coarse tin ore, are also found here. Some of these 
veinlets consist of quartz and cassiterite; others bear cassiterite 
and pyrite, and sometimes other sulphides as arsenopyrite and 
copper sulphides; still others have tourmaline or consist of quartz 
only. Polianite, which is sometimes found, may be the result of 
decomposition of wolframite. Fluorine-bearing mica is rather 
rare in these deposits. 
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The ore deposit of Garu Medang on Billiton is a well-defined 
lode with an average breadth of about 2 meters, which is charac- 
terized by the occurrence of magnetite, pyrite, pyrrhotite, arseno- 
pyrite and some chalcopyrite. Further constituents are siderite, 
tourmaline, amphibole, garnet, fluorite, fluor-bearing mica and 
beryl. Wolframite is found but rarely. The tin content of this 
deposit, which forms a transition between those with sulphides 
and those with iron oxides, averages about 3 per cent. 

An example of the deposits with iron oxides is the Selumar 
deposit of Billiton, which 18 also a well-defined lode of con- 
siderable thickness. It consists mainly of magnetite and to a 
lesser extent, hematite, which is very likely in part at least of 
secondary origin. Sulphides have not been found, but they may 
have been present originally. Further constituents are quartz 
and fluor-bearing, and chlorine-bearing mica. Fluorite, tourma- 
line, beryl and garnet, which were characteristie constituents of 
the Garu Medang lode, seem to be absent. The absence of these 
pneumatolytic minerals seems to prove that the lode belongs to a 
higher zone of mineralization, because the content of pneumato- 
lytic minerals will decrease as one proceeds from the place where 
they emanated. The deposit of Tebou and Sambong Giri would 
represent the lowest zone of mineralization. 

The total amount of tin produced during the years 1917-1921 
is given in the following table: 


Picols of about 61.76 kilograms 


1917 1918 ШӘЛІ? 1920 1921 


Пе 223,075 | 195,184 | 200,791 | 221,528 | 244,843 


Elton 22222205. 112,452 | 116,692 | 126,871 | 124,313 | 186,742 
Singkep (island)........| 6,549 | 5,195 | 5,290 | 3,874 | 4,889 
Singkep (Sea tin con- 

НЫС Жас 5913 | 3,123 | 6,523| 6,139 | 6,759 
Bangkinang (Sumatra)... 5 20 ЛӘР er ИУ due 


Total production......| 347,994 | 320,214 | 339,488 | 355,854 | 443,233 
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OTHER METALS 


Nickel 


Nickel is found in the same areas as the residual deposits of 
iron ore, in the lake region of central Celebes and along the coast 
of the Gulf of Boni. The ores belong mainly to the green hy- 
drated silicates of magnesium and nickel of the garnierite group, 
but some brown varieties also are found. The occurrence 18 
very similar to that of the nickel ores of New Caledonia. The 
ore is found along fractures in the basic igneous rocks and in the 
loose weathered blocks from these rocks, which are known for 
their iron content. The iron ores also have a nickel content of 
technical importance, in some cases more than 1 per cent МО. 

The nickel content of nickel ores run up even more than 20 
per cent; samples with more than 10 per cent are not rare and 
some percentage of nickel is almost always found. 


Platinum 


The total production of platinum in the native exploitations 
of the gold and diamond-bearing stream deposits in southeastern 
Borneo (Martapoura) is about 0.5 to 1 kilogram per year. Plati- 
num is also found in placer gold of Atjeh in Sumatra and in con- 
tact metamorphic limestone (near Ma. Sepongi, Tapanuli, Su- 
matra), which contains garnet, wollastinite, calcite, sulphides of 
iron and copper (gold-bearing chalcocite, bornite and some py- 
rite), magnetite, braunite and rhodonite. 


Chromium 


Chrome iron ore or chromite is found as segregations in 
basic and ultra-basic rocks. It is known in the region of the 
lateritic iron ores of central Celebes as segregations in perido- 
tite, and the chromium content of the iron ore is sometimes as 
great as 2.5 per cent CnO;. Segregations of chromite are also 
known from near Atapoupou in northern Timor, and from the 
island of Moa farther to the east (Kerbau Mountain) as segrega- 
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tions in peridotite. Finally it is known in some localities near 
the shore of Pulu Laut (near southeastern Borneo) 


Tungsten 


Wolframite is obtained in salable quantities from the tin is- 
land of Billiton, principally from the Tikus mine, which has al- 
ready been mentioned as a greisen in granite, with irregular 
quartz bodies, which contain crystals of cassiterite and wolframite. 
Some wolframite is obtained from the island of Singkep, while on 
Banka it is a rare mineral. 

The annual production of wolframite was 8 tons of 100 kilo- 
grams both in 1917 and 1918. In 1920, 322 tons of wolframite- 
bearing tin ore were produced. 


Mercury 


The only locality where the carrier of primary quicksilver ore 
is known is near Mt. Sombong in Tanah Datar, in the Highlands 
of Padang, Sumatra, where the ore occurs in slate. Cinnabar 
has been found in alluvial deposits in western Borneo, in some 
cases with gold. In the native gold washings of southeastern 
Borneo and Djambi, Sumatra, quicksilver ore occurs. Cinnabar 
is rarely found on the island of Java. 


Molybdenum 


Molybdenite is known in small veinlets in granites of west- 
ern Borneo, in crystalline limestones, in a quartz vein in Atjeh, 
Sumatra, and in garnetiferous rocks with copper minerals in the 
Highlands of Padang (Timbulun). This last mentioned occur- 
rence has already been discussed because of its copper content. 


Bismuth 


Small quantities of this metal have been found in western 
Borneo, northern Celebes, and on Samosir in Lake Toba (north- 
ern Sumatra), where it is probably associated with granitic rocks, 
which are found in the neighborhood. 
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Antimony 


Many indications seem to prove that antimony ores occur, 
particularly in Borneo. No valuable deposits have as yet been 
found. Antimonite is found with copper ore in Bukal and Bwool 
of northern Celebes, and with galena near Sassak in central 
Celebes. It is also known from Java. Some alluvial antimonite 
has been found near Buitenzorg. 


Arsenic 


Little is known about the occurrence of this metal. Arseno- 
pyrite has already been mentioned as a constituent of Tertiary 
gold and silver veins and of greisen on Banka. 


II. Deposits or Non-METALS 


Only the mineral fuels, petroleum and coal, and some other 
non-metallic mineral products, such as diamond, iodine, sulphur, 
phosphate and magnesite will be dealt with in some detail. The 
artesian water also deserves special mention. There are of course 
many other deposits of non-metals, such as building stones, clay, 
cements and limes, quartz sand, gypsum, ete., some of which are 
being exploited. The Muriah Trass Exploitation Company in 
the Residency of Semarang of Java obtained about 18,000 tons 
of trass in 1921 and in the same year 22,102 picols (one picol 
equals about 61.76 kg.) of quick-lime were produced near Paeger 
in the Residency of Besuki; 1500 cubic meters of limestone were 
quarried in the Residency of Pasuruan; and 1500 cubic meters 
of limestone and 200 cubic meters of sandstone were produced by 
private exploitation in the Residency of Preanger Regencies in 
Java. 


Petroleum 


Great amounts of organic remains, which must be preserved, 
are essential to the formation of deposits of petroleum and coal. 
This happens where there is a sort of equilibrium between the 
rate of deposition of detrital materials and the rate of subsidence 
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of the regions of accumulation. These conditions, it is readily 
seen, are essentially represented by Tertiary geosynclines in parts 
of the East Indian Archipelago, in which the character of the depo- 
sition was of the proper sort to cause the formation of petroleum 
and coal. These two deposits are often found in beds alternating 
at different levels in the same region. Subsequently to the forma- 
tion of such a geosyncline there usually follows a considerable 
uplift, and the deposits of mineral fuel are folded, elevated and 
partly eroded. 


Distribution of Oil Fields 


Western Part of the Archipelago 


The principal oil fields of the East Indies are of Late Tertiary 
age and are found on the three large western islands of Sumatra, 
Java and Borneo (Figure 15). In Neogene time a continuous 
land-mass, which was much smaller than the area now covered 
by the western islands and the Java Sea, was surrounded by a 
geosynclinal area, in parts of which the conditions for the gene- 
sis of lignite and petroleum deposits were favorable. The sedi- 
ments of the present oil-bearing belt of eastern Sumatra, northern 
Java and eastern Borneo were formed in this geosynclinal area. 
During the later uplift the sediments were folded and elevated 
above the sea, forming in part the folded mountain chains of 
western Sumatra and southern Java. The erosion after this ele- 
vation has been strongest on and near these marginal mountain 
ranges and near the culminations of the anticlinal axes, where oil- 
bearing strata have been partly or entirely eroded away. Another 
part of the oil-bearing strata is not accessible for direct observa- 
tion, either because they are covered by younger (partly volcanic) 
deposits of considerable thiekness or because they have been 
drowned during the Pleistocene rise of the sea-level, as in the 
present Java Sea. The folded sediments furnish ideal examples 
of oil anticlines in many places, but again in other places the 
structure is complicated and unfavorable for the accumulation 
of oil, Thus erosion, complicated structures, submergence and 
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later deposition have greatly limited the distribution of pro- 
ducing oil fields in the regions where the conditions for the gene- 
sis of petroleum were favorable. Moreover the deposits show a 
considerable variation in character (compare the description of 
Neogene sediments in Chapter II), that is, they represent condi- 
tions that were not always favorable to the accumulation of oil. 
Thick series of pelitic sediments without sufficient psammitic 
beds between them are found, for instance in the eastern part of 
Central Sumatra. In this region oil and gas emerge from Palæo- 
gene sediments, but no workable deposits have yet been found. 


Eastern Part of the Archipelago 


The occurrence of oil and gas is not restricted to the large 
western islands; oil springs, natural gas and mud volcanoes 
(Plate ХУШ) are known at various places in the eastern part of 
the Archipelago, for instance in east, south and central Celebes, 
Rotti, Timor, Tenimber Islands, Kei Islands, Ceram, Buton and 
. New Guinea, but oil is exploited in Ceram only, where a produc- 
ing field of but little importance is found in the eastern part of 
the island. The oil deposits are in part of Neogene age, but the 
age of some has not yet been determined. Bituminous shales are 
known in the Upper Trias of Timor, Ceram, Buton and Buru, and 
many mud volcanoes occur in regions where only Triassic rocks 
are found at the surface. The structure of these eastern islands 
is characterized by overthrusts of Late Tertiary age, so that oil 
and methane gases may emanate from more deeply seated but 
younger rocks. Therefore where gas or oil emerges from Upper 
Triassic rocks, the primary deposit is not necessarily of Upper 
Triassic age. In central Celebes the primary deposit from which 
some of the oil and gas emerges is probably of Lower Tertiary 
or Upper Mesozoic age. 

The relation of oil distribution to the major tectonic features, 
which is so evident in the oil regions of the western part of the 
Archipelago, is much less clear in the eastern part of the island 
group, for here large areas are still unexplored and the greater 
part of the region is covered by the sea. 


122 Geology of the Netherlands East Indies 


Structure of the Oil Fields 


Nearly all of the oil of the Archipelago is obtained from anti- 
clinal structures. Since detailed description of different oil fields 
would exceed the scope of this publication, only some general 
information about the major structures will be given. Much of 


Upper Palembang 


with oil horizons 
Lower 


un Middle Palembang 


Lower Palembang 


Fra. 16. Oil Field: Minjak Itam, Palembang, Sumatra 
Map V, T'ydschr. v. h. Kon. Ned. Aard. Gen., 1906 


the information concerning the detailed structure in the various 
fields has been obtained by private oil companies and has there- 
fore not been published. 


Western Part of the Archipelago 


The oil belt of the western islands forms the prolongation of 
the oil fields of Burma. The chief developments of Burma are 
located in the valley of the Irrawaddy River, to the east of the 
Arakan Mountains. This valley passes to the south into a delta 
and then disappears below sea-level; it emerges again in the plains 
of Sumatra to the east of the Barissan Mountains. In both re- 
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gions oil fields are on anticlines or on more or less elongated 
domes of folded and faulted Tertiary strata. The axes of the 
folds in the oil fields in this part of the Archipelago are for the 
greater part more or less parallel to the longer axes and the coast 
lines of the islands. Many anticlines and domes are symmetrical, 
but unsymmetrical folds also are numerous. In some regions, as 
in the oil fields of southeastern Sumatra, in Djambi and Palem- 
bang, the anticlines often show steep dips on one or both limbs 
(Figure 16). More complicated structures occur, for example, in 
parts of northeastern Sumatra, where faults with a more or less 
north-south or east-west direction cut through anticlines and domes 
along the north coast, where the main strike is about east-west. 
Farther to the southeast along the east coast of Atjeh, the direc- 
tion of the anticlinal axes is about. northwest-southeast to north- 
northwest — south-southeast, that is, more or less parallel to the 
coast line. Numerous faults are found belonging to two systems, 
one parallel and the other normal to the main direction of folding. 

Along the east coast of Borneo, anticlines and more or less 
elongated domes have been described, which have the main direc- 
tion of the axes parallel to the coast line. The Sanga Sanga oil 
field (Figure 17) illustrates this relationship between the oil 
structures and the coast line. 


Eastern Part of the Archipelago 


As has already been stated, in this part of the Archipelago 
oil is exploited on the island of Ceram only. This island belongs 
to the outer arc around the Banda Sea, in which remnants of a 
Tertiary mountain range, characterized by recumbent folds, im- 
bricated structures and overthrusts, are found. In the eastern 
part of Ceram productive wells have been drilled where unfolded 
Plio-Pleistocene beds are exposed at the surface. No data are 
available about the primary oil-bearing strata and the deep- 
seated Tertiary structures. Farther to the south methane gases 
and oil emanate from limestones and marls, which are partly of 
Upper Cretaceous age, and from Upper Triassic sandstones and 
shales, which are thrust over the limestones and marls, the 
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latter rocks being uncovered in a “Fenster.” On Timor the 
Plio-Pleistocene sediments of the central basin assume a feebly 
basin-shaped attitude with abrupt upward bends near the edges. 
Fairly simple imbricated structures ої Paleozoic, Mesozoic and 
older Tertiary rocks are known in the southern coast ranges. 
Younger Tertiary rocks are found along the south coast near the 
Portuguese boundary, and it is possible that favorable structures 
are found farther to the east in Portuguese territory, where oil 
and gas are known to occur near the south coast. In the Dutch 
part of the island, however, the ой and gas emanations and mud 
volcanoes are found to the north of the central basin, where 
complicated structures prevail and often where only Triassic 
rocks are found at the surface. Simpler, partly normal, anti- 
clinal structures are found on the Kei Islands, in western New 
Guinea to the south of the Gulf of MacCluer, and in Celebes. 
In northern New Guinea, from places where oil and gas emana- 
tions have been reported, the structure so far as our present 
information about this immense territory is concerned, does not 
seem to be favorable. 

In all these regions just discussed, with the exception of Ce- 
ram, no oil is exploited. This does not mean that there will be 
no exploitation, for in much of the region there has not yet been 
sufficient exploration to furnish reliable data аз to the possibilities 
for the future. 


Chemical Composition of the Oils 


The chemical composition of the oil varies very greatly in 
different fields, and even in the same field strong differences are 
often found. Heavy oil, which is used as liquid fuel, is exploited 
from Tarakan, in the northern oil field of the eastern Borneo 
region. The higher oil horizons in Kutei (eastern Borneo) are 
poor in kerosene, while the lower horizons have more kerosene 
and are also rather rich in paraffin. In the comparatively small 
oil field of northern Java, very different oils have been found. 
To the west of Sourabaia, heavy oil with much asphalt and a 
very low gasoline content, and oil with much more kerosene and 
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gasoline, with sometimes a rather high paraffin content, have 
been found. In Rembang farther to the west, part of the oil is 
rather rich in gasoline and kerosene; sometimes the paraffin 
content is high. Again some of these oils show a higher pro- 
portion of paraffin and are poorer in gasoline. The Sumatra oil 
is as a rule rich in gasoline and illuminating oil of low density. 
The Palembang oil (southern Sumatra) has a rather high asphalt 
content. 

As an example of the properties of the oil at different depths 
in the same field, the following table is given: 


SANGA SANGA Оп, FIELD OF EASTERN BORNEO 


E E : з Heavy hydrocarbons 
Horizon| Dens- | Вой. | Еғаебопв (percentage) | Paraffin in 


5 (Vol. 96) Sulphur 
Cept 20) с ing - (percent- 
meters) . | point lo 15001150-300°! 300°+| аве) | |0-150°|150-300°|300°--| 28° 


30-150/0.9630| 204? | .... 35.5 50.00 13.0 ЗО 21.3 | 64.0 0.13 
243-328|0.8688| 69° | 25.0 49.0 20.25 5 85.8 43.7 54.4 0.11 
331-385/0.8564| 70° | 22.6 46.5 25.00 10.1 33.0 35.3 52.7 0.07 


It is supposed that these different oils, which now belong to one 
anticline, have been differentiated by a secondary process of іп- 
filtration from one and the same primary deposit. 

The average composition of some of the most important and 
most typical oils from different oil fields is given in the following 
table (percentages of weight): қ 


REM Fractions 
PE ер Est 
0°-150° | 150°-300° 
Perlak (northern Sumatra)... . 0.773 52 39 9 
Louise (Sanga Sanga, Borneo) . 0.851 15 50 35 
атака (Bone 0.950 29 88 62 
Ledok (Rembang, Java)...... 0.839 ТИ 50 | 33 


Lidah (Sourabaia, Java)...... 0.920 3 54 43 
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Oil and Gas Production 


The following table gives the production of oil and gas from 
1917 to 1921 in the oil fields of the different islands, in tons of 
1000 kilograms: 


1917 1918 1919 
Oil Gas Oil Gas Oil Gas 1 
Java and 
Madura....|| 252,813 30,675 || 241,212 | 33,624 258,657 | 27,754 
Барга у 666,278 | 112,948 || 519,989 | 92,066 521,758 | 66,923 
Вогпео...... 869,262 | 56,501 | 999,426 | 70,927 || 1,372,141 | 51,077 
(CSE 2105600 Gin a Roe 3,574 39 alla er 
1920 1921 
Oil Gas. Oil Gas 


Java and Madura. 352,474 | 20,403 279,824 infor- 


ПЛИНИ НОТ olas 536,482 | 95,419 595,644 | mation 

Ботлеол оао 1,455,277 | 72,865 | 1,436,779 |incomplete 

Cora 21,136 50 49,261 99 
Coal 


Except for some very thin beds of local occurrence and of no 
economic importance, which have been found in the Permian of 
Sumatra and the Upper Trias of Ceram and Timor, the oldest 
coal in the Netherlands East Indies is of Lower Tertiary age. 

We have already mentioned the differences in the develop- 
ment of the Lower Tertiary in the western as compared with the 
eastern part of the Archipelago. In the eastern part, sediments 
with a high lime content and limestones are abundant, and where 
terrigenous near-shore deposits have been found, the conditions 
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of sedimentation and crustal movements do not seem to have 
been favorable for the preservation of organic accumulations of 
plant origin. In the western part, sandstones, conglomerates and 
shales are the principal deposits and here coal is often found. 
The principal coal areas are in Sumatra, Java, Borneo and a part 
of Celebes. The Upper Tertiary geosynclinal deposits of east- 
ern Sumatra and northern Java are, in places, rich in lignite, 
the same as in the southern part of Sumatra, western Java and 
eastern Borneo. The beds decrease from southern to central 
Sumatra and from western to central Java; in northern Su- 
matra and eastern Java coal deposits are rare. In the Upper 
Tertiary of the eastern part of the Archipelago lignite is known 
from parts of New Guinea, Halmaheira, Batjan, Salawati and the 
Sula Islands. Young Tertiary deposits of inferior quality have 
sometimes been metamorphosed to glance coal, anthracite and 
natural coke, by intrusions of volcanic rocks, as in the Lematang 
coal fields of Palembang in southern Sumatra, where the lignites 
of the Middle Palembang beds of Pliocene age have been partly 
changed to coal of very good quality. 

Coal is exploited on Sumatra and Borneo from Old and 
Young Tertiary beds. Coal of Pliocene age, which has been 
metamorphosed by intrusions of andesite, is exploited in south- 
eastern Sumatra in the Lematang coal fields. 


Old Tertiary Coals 


The two largest Eocene coal basins are the Ombilin coal 
field in the Highlands of Padang, Sumatra and the Eocene area 
in southern Borneo, which is apparently connected with the Eo- 
cene coal area in the northern part of the adjacent island of Pulu 
Laut. The coal of the Ombilin field is found in the upper of the 
two subdivisions of the Eocene. The two subdivisions are — 


1. The upper or sandstone stage with quartzitic sandstones 
and coal seams. 

2. The lower or breccia stage, consisting of breccias, con- 
glomerates, sandstones and shales. 
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The field extends for 10 kilometers in a north-south and 9 
kilometers in an east-west direction on both sides of the Ombilin 
River. It has been separated into three divisions; the most 
northerly division contains from four to ten rather thin seams 
and three or four thicker ones (as much as ten meters in thick- 
ness); in the division to the south, seven well-defined seams oc- 
cur, four of which have an aggregate thickness of five meters; the 
most southerly division, of which the central part was the first 
to be exploited, has an area of at least 16 square kilometers and 
contains about 144 millions of tons of coal. Until 1908 two 
seams were in exploitation, an upper seam with a thickness of 
more than 2 meters, and a lower seam with an average thick- 
ness of 7 to 8 meters between the extremes of 0.5 to 17 or 18 
meters. Since 1908 a third seam between the other two, which 
originally had a thickness of only 0.8 meters, but which with the 
further exploitation now shows a thickness of 1.5 meters, is also 
being exploited at the present time. 

In appearance the Eocene coals greatly resemble hard pitch; 
they are of a glistening black color, have a conchoidal fracture 
and yield practically no dust. 

The underground structure of Pulu Laut, which has been as- 
certained by deep borings, shows in a thickness of approximately 
100 meters of sandstones and shales, five coal seams, of which 
the lowest is perhaps more correctly referred to as a bituminous 
shale than as a coal. The others have the thicknesses of 0.6, 
2.68, 0.5 and 2.18 meters, and dip toward the northwest. 

In Java, Lower Tertiary coal is known from several localities. 
On the south coast of Bantam of western Java, several Eocene 
areas are known, of which the Bajah field is the most important. 
Seams of workable size are present, but the field is much dis- 
turbed and strongly folded. Several coal seams are present two 
of which have an average thickness of one meter. 

As an example of coal-bearing beds belonging to the lower or 
the breccia stage of the Eocene, the area on the Seputih River in 
the Lampong districts of southern Sumatra may be mentioned. 
It is the only known occurrence of coal in this lower division of 
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the Eocene. It includes two coal seams which are 1.70 meters 
(0.50 meters of which is shale) and 0.70 meters thick. 

In south Celebes, Eocene coals are found in several localities. 
They have been locally improved in quality by the contact meta- 
morphism of younger eruptives. 


Upper Tertiary Coals 


As has been stated above, the Young or Upper Tertiary 
geosynclinal deposits of Sumatra, Java and Borneo are in some 
places rich in coal. Most of the known Young Tertiary coal 
occurs in this region, but minor deposits have been found in 
several other places. Lower Miocene coals are found around 
Bukit Sunur (Benkulen, western Sumatra), where the quality 
is locally improved by contact metamorphism. Miocene coal is 
also found in other localities in Benkulen. | 

The later Miocene and Pliocene coals of Sumatra are ез- 
pecially well developed in the eastern part of the island. In the 
Lematang coal fields in Palembang, the Pliocene lignites have 
been partly changed, as a result of contact metamorphism by 
volcanic rock, to coal of very good quality. The greater part 
of the andesites probably did not reach the earth’s surface, but 
were intruded as laccolites and intrusive sheets with apophyses 
between the sedimentary rocks. The result was that the coal ma- 
terials could be metamorphosed over a long time at rather low 
temperatures, so that excellent coal has been formed. That the 
temperature was rather low is proved by the slight changes in 
the sediments with which the coal is interbedded. A shorter 
period of metamorphism with higher temperatures would have 
caused a local metamorphism to coke only. In part of the Lema- 
tang coal fields, particularly the Bukit Asem field, over 80 mil- 
lions of tons of excellent coal (7000 to 8500 calories heating value) 
have been proved to a depth not exceeding 500 meters below the 
surface. The seams of lignite that have been metamorphosed 
show almost all grades of coal ranging from anthracite with 
some 8 per cent volatile matter to bituminous coals with 50 per 
cent or more of volatile constituents. The ash and sulphur con- 
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tent is very low, that is, the ash is from 1 to 3 per cent and the 
sulphur from 0.5 to 1 per cent. The thickness of the metamor- 
phosed coal seams is from 5 to 8, from 7 to 10, and from 14 to 
22 meters; the smaller of the two numbers indicating the aver- 
age thickness when the coal is highly metamorphosed, the larger 
when it is unmetamorphosed in each of the three seams. 

The Upper Tertiary coals of Bantam, western Java, are partly 
of Miocene age and are found chiefly in sediments which are 
considered to be of the same age as the Middle Palembang beds 
in southern Sumatra (Pliocene). To the latter belong the beds 
of lignite of the Bodjongmanik field in which two seams deserve 
further mention. One of them, has an average thickness of 1.5 
meters (1.0 to 2.3 meters). The thickness of the other seam 
varies greatly; in many places it is less than 1 meter and at 
others it exceeds 1.5 meters. 

In eastern Borneo, Lower Miocene to Pliocene coals are of 
widespread occurrence. Some of the deposits of better quality 
have been or are still being worked. From eight to fifteen 
workable seams containing an aggregate thickness of 10 to 21 
meters of coal are found along the lower course of the Mahak- 
kan (Kutei) River and in Berau eleven workable seams with 
more than 20 meters of coal have been found, which in composi- 
tion correspond to the Lower Miocene coals of Kutei. Further 
downstream along the Berau River, twenty-one seams with a 
thickness of about 31 meters of workable coal and with a water 
content of about 30 per cent have been found. 

The Upper Tertiary coals of Celebes oceur chiefly in the 
southern part of the island and to a lesser extent in some other 
places. A detailed study of the deposits in the southern part of 
the island has demonstrated that these coals are of inferior 
quality and the seams are thin. 

In the eastern part of the Archipelago, a coal seam of Lower 
Miocene age on the island of Batjan has attracted some atten- 
tion, while seams of lignite with а thickness of several meters in 
western New Guinea and the adjacent island of Salawati deserve 
mention. 
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The following tables show some analyses of coal from various 
fields in the Netherlands East Indies: 


© Free from ash and 
Re 3 28 E к E moisture 
ocality Р = 23 ЕЕ c 
та 
= | ы ВЕ © Ca HER O пуу е 

South and East |Pengaron 5.3 | 4.6 |51.4 |38,7 ¡6400 ı 77 |6.- 115.-1.410.6 

Вогпео (Average) БФ 

(Eocene апа |Kutei умі селе 1.46|18.8 |51.5 |33.74|55008 8 |70.3|5.2 |20.2|2.-|2.3 

Miocene) Berau J^ 190€ 1.51|17.76|54.6 |26.13|490097"170.-14.7 |92.4|9.5|0.4 

Pulu Laut 16.7 | 5.79|49,3 |28.21|5500 76.7|7.3 16 

Ombilin Average sample 2.- | 3.4 |56.- |33.6 |7000 79.6|5.6 |13.1]1.7| = 

coal field Bed A 1.4 | 9.8 (55 32 7000 79:7|5-2:118.811.31... 
West Sumatra [Bed Са 11.4 | 8.7 |56 ЗОЛ AA es 80.415.7 221 2212 

(Eocene) Bed Сь П ШЕ ИБ ЛИ оао 80.56.9 |10.3/1.8/0.5 
Lematang Lignite 2.10|28.10]29.7 |40.10|4880 69.4|5.2 TA . 510.5 

coal fields Transitional coal | 0.40/15.70/43.5 |40.4 |6380 74.7|6.25117.5|1.1(0.4 
Palembang Glance eoal 0.30] 5.8 155.4 |38,5 |7540 79.-15.8 14.7 "10.5 
South Sumatra |Anthracite coal 0.8 | 1.0 194.4 | 3.8 18460 92.-13.5 4 0.5 
(Pliocene) Natural coke 5.- | 4.4 184.4 | 6.2 (7430 94.8|1.3 8.4 10.5 


'The total amount of coal produced in the Netherlands East 
Indies from the years 1917 to 1921, inclusive, was as follows (in 


tons of 1000 kilograms): 


1917, 831,305 
1918, 833,082 
1919, 949,670 


1920, 1,095,718 
1921, 1,212,665 


Of this total production, the amount of coal produced from 
the principal mines was as follows (in tons of 1000 kilograms): 
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Lm 


1917 1918 1919 1920 1921 


Ombilin Mines (west 
coast of Sumatra).... | 508,227 | 504,201 | 510,821 | 567,142 | 602,853 
Lematang (Bukit Assem) 
Mines, Palembang, Su- 


11151019 O TRE 9,765 50,312 | 106,811 | 141,618 | 172,939 
Palu Laut Mines (island 

near S. E. Borneo)... | 120,834 | 121,421 | 180,159 | 188,772 | 208,900 
Coneession East Borneo | 

CET Е oc es 39,363 | 36,365 | 36,664 | 33,863 | 62,394 
Concession Parapattan 

(East Borneo)....... 39,077 45,635 41,755 46,073 43,456 
* Doesoen Landen (Ва- | 

rito River, Borneo)... 27,000 | 35,279 28,646 | 31,896 | 22,456 


ж Riam Кіма, Riam ka- 
пап, Martapura, 5. Е. 
Бог есу т а 30,695 6,756 898 7,409 3,287 


* 
a 
o 
& 
iso) 
=. 
n. 
= 

© 
= 
w 
о 
T 


on оо 17,088 | 19,172 | 21,408 | 33,668 | 24,724 


* Exploitations Бу natives. 


Diamonds 


Diamonds are known from the island of Borneo only. They 
are found principally in Quaternary gravel deposits and in the 
alluvium of the present rivers in western Borneo, particularly the 
Landak and Sekajam rivers. In the southeastern part of the 
island, where Martapura is the center of production, peridotites 
and serpentines of Cenomanian age are considered to be the 
primary rocks from which the diamonds were derived. However 
the diamonds as found in the Quaternary deposits may not have 
been derived directly from these primary rocks, for diamonds 
are found in conglomerates and sandstones of young Cenomanian 
and Eocene age. The deposits now found in the Quaternary 
gravels may have been first concentrated in these Tertiary rocks 
and then later worked over and deposited in the old Quaternary 
river beds. 

The oceurrence of the diamonds seems to bear some relation 
to the transverse fractures in the rocks in the serpentine region, 
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because the diamonds are found in the younger rocks, particularly 
near the places where the serpentine is broken up by these frac- 
tures. 

In western Borneo olivine-bearing rocks are considered to be 
the mother rocks of the diamonds. 

The minerals most frequently found accompanying the dia- 
mond are corundum, and often brookite, epidote, tourmaline, 
disthene, garnet, spinel, hyacinth, topaz, ruby and gold. In 
southeastern Borneo particularly, platinum is found in small 
quantities along with the diamonds, and finally titaniferous mag- 
netite and chromite are always found in the concentrates. 

The production of diamonds during the years 1917 to 1921, 
inclusive, was as follows (in carats): 

1917, 590 
1918, 1752 
1919, 966 
1920, 410 
1921, 1770 


Todine 


Iodine is found in Netherlands India in the water of natural 
springs. Mud volcanoes are often associated with these springs. 
In Java salt and iodine-bearing water from between the oil hori- 
zons are brought to the surface by borings. Until recently the 
iodine from Java was precipitated as cuprous iodide in order to 
make it suitable for transportation. In the water of the different 
localities iodine is present as the iodides of sodium, magnesium 
and more rarely as the iodide of potash. 

The principal occurrences are in the northern part of Java; 
of the other islands, Timor, Rotti, Mitak of the Tenimber group, 
and Ceram should also be mentioned as probable sources. These 
islands all belong to the outer are about the Banda Sea, in con- 
nection with which mud volcanoes have already been mentioned 
in our discussion of the distribution of oil deposits. On Suma- 
tra, Borneo, Celebes and New Guinea, only a few localities have 
become known for their iodine. 
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The highest iodine content has been found in the springs of 
the Residency of Sourabaja in Java. As many as 147 milligrams 
in 1000 cubic centimeters of water have been found in the viein- 
ity of Kedong Waru. Some 25 or 30 mud-springs are found here; 
the water is colorless and has a saltish taste; it has a density of 
1.02088 at 20° C. An analysis of 1000 eubie centimeters of this 
water showed the following constituents (in grams): 


КОЖ ОА ee 0.671 

AGL ater ок 26.800 , 
Na IGE re 0.174 — equals 0.147 gr. 
Ма СОО RA 0.583 of iodine 
СОЕ а тата хи 0.566 

МОО ee 0.476 

ЗООЛ КА ХОЛООС 0.044 


In addition СО», HS and traces of КеСО;, СадО,, NH,¿Cl and 
NaBr have also been found. 

Java is the only place where iodide of copper has been 
produced. Except for a small amount from the Residency of 
Semarang, the total output has come from the Residency of 
Sourabaia. The total production from 1917 to 1921 has been 
as follows (in tons of 1000 kilograms): 1917, 15.4; 1920, 15.5; 
1921, 20.6. On account of lack of chemicals there was no pro- 
duction in 1918 and 1919. 


Sulphur 


Sulphur is of course present in the sulphides of many lode 
deposits, and native sulphur is also found in the following forms: 


1. As incrustations in the neighborhood of solfataric centers. 
2. In sulphur mud. 
3. In more or less bedded deposits in crater lakes. 


The incrustations of sulphur in the neighborhood of solfataric 
centers are widely distributed among the numerous volcanic areas 
of the Archipelago. They need no special mention, except for a 
few from which important quantities of sulphur have been taken. 
This exploitation has been carried on principally by the natives. 
On Java the most important localities are the craters of the vol- 
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canoes: Papandajan in the Preanger Regencies, Welirang in the 
Вевідепсу Pasuruan and Idjen in the Residency Besuki. In the 
Papandajan the natives obtain about 3500 kilograms yearly. 
On the southwestern slope and in the crater of the Welirang 
sulphur is formed by solfataric action and is recovered by primi- 
tive native workings. At different places on the crater rim de- 
posits rich in sulphur are found; these are probably the result 
of a solfataric action now extinct. Samples from these deposits 
contain 51 to 56 per cent of sulphur. Of all the Javanese de- 
posits the most important are those of the Kawah Idjen, partic- 
ularly the bedded deposits above the eastern part of the present 
lake, which are considered to have been formed at a much earlier 
time when the lake was at a higher level. Mixtures of sulphur 
and kaolin are interbedded with deposits rich in silt, and with 
agglomerates and tuffs, which were formed mainly during the 
wet season. The total amount of sulphur in the deposit as pros- 
pected is estimated at 60,000 tons of 1000 kilograms. The aver- 
age sulphur content is 60 per cent, which indicates that this 
deposit contains 36,000 tons of pure sulphur. 

Of the many other deposits, those of the volcano Wurlali 
on the island of Dammer deserve special mention because they 
were worked under European supervision during the years 1911 
to 1913 for use in a sulphuric acid factory near Sourabaia. The 
total amount of sulphur obtained was 2000 tons. 

Veins with the more important sulphides as pyrite, chalcopy- 
rite, sphalerite and galena are often found, but they are nowhere 
being exploited. Impregnations of pyrite are often found and a 
deposit of pyrite interbedded with schists is known in Paguat of 
northern Celebes. 


Phosphate 


Although gabbroid rocks are not rare in the Netherlands East 
Indies, no deposits of apatite have been found. Phosphates 
are known on Java in limestone quarries in the Kromong Moun- 
tains, where they form irregular veins with an average thickness 
of 20 to 30 centimeters. The main constituents are — 
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Ehosphoniter OO НД 28 per cent 
ео 55 рег cent 
нама жаз ыу о о net 8 per cent 


Сопогебіопагу eluvial deposits are also found. One of these 
concretions was found to contain the following: 


IA еН er С 0 65 per cent 
(Бас тел кк я В и з ards 5 per cent 


The occurrence of these deposits is similar to that of the deposits 
on Christmas Island, which lies to the south of Java and which 
does not belong to the Netherlands East Indies. The phosphoric 
acid in these deposits must have originated from guano deposits. 
On Christmas Island the main deposit reaches a thickness of 3 
meters; the phosphate is very hard (6 to 7) and has a brownish 
white or sometimes darker color. The leaching of guano deposits 
of Pliocene age, now completely obliterated, and the permeation 
of lower-lying beds with the phosphate probably account for the 
origin of these deposits. 

One of the few guano Islands of the Netherlands East Indies 
is Baars Island of the Tiger Islands, to the south of Celebes. In 
the same neighborhood there are several other small islands on 
which guano is also found, particularly Moromahu of the Tukang 
Besi group, Lembe near northeastern Celebes, and Pulu Batu to 
the west of Flores. 

Bat guano is found in numerous caves and on various islands 
of the Archipelago. This guano contains phosphoric acid and it 
is possible that in the course of time the limestone of the bottom 
of such caves has been altered to phosphate. 


Magnesite 


The localities where magnesite has been found are restricted 
to the eastern part of the Archipelago where the basic igneous 
rocks are so predominant, particularly Celebes and the Sermata 
Islands which lie to the east of Timor. 

On Celebes magnesite is known from the western coast of 
the southeastern peninsula at Sua Sua, Labuan Dalam and the 
neighboring Padamarang Islands, and near Tandjong Api on 
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the north coast of the eastern peninsula, where gabbro and 
serpentine are found. On the islands Letti and Moa, the mag- 
nesite is found in serpentine and serpentinized peridotite. It 
occurs in veins and veinlets, which often form an irregular net- 
work in the basic rocks. 


Some analyses of magnesite from different localitites are given 
below: 


Padamarang Islands Labuan Dalam Letti 
near S. E. Celebes S. E. Celebes Sermata Islands 
MEO 43.08 40.42 45.61 
CaO trace AO 
SIO IO 9.86 12:52 
Не... 1.60 
ATO. oa 0:76 Б НИ N о 
СО не и н dun EM 38.90 
HOA m UR СЭЛЖ A с: 0.38 
Water 


Owing to the character of its geological structure, the Nether- 
therlands East Indies is naturally rich in mineral springs. 

Although some of the large cities obtain water for drinking 
from natural springs or by purification of river water, artesian 
wells are of the greatest importance as a source of supply for a 
great many towns and villages. Diseases among the native 
population caused by the lack of good drinking water have de- 
creased greatly in the localities where artesian borings have been 
made. Java should be mentioned especially for its artesian wells; 
a fairly large number of borings has been made on Sumatra, par- 
ticularly in and near the towns of Medan, Kuta Radja and Pa- 
dang; a few have been made in the more civilized parts of other 
islands of the Archipelago. 

The artesian water is obtained from young deposits and most 
of the wells are in the low coastal areas; only a few are on the 
high plateaus. The latter type is represented by the wells in 
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the plains between the volcanic mountains of Java, where Quater- 
nary fresh water deposits are found, as in the plain of Bandung, 
which is 680 meters above sea-level. Near the coast the Quater- 
nary deposits are in part of marine origin, having been formed 
during the rise in the sea-level with the close of the Pleistocene. 
Recent upward movements have brought some of these deposits 
above sea-level. By far the greatest part of the Quaternary 
marine, river and lake deposits of Java consists of material of 
volcanic origin, ash, sand, clayey sands, and pebbles which some- 
times alternate with beds of сіау and kaolin. The conditions 
favorable to the formation of artesian circulation are often pres- 
ent and many borings give flowing wells. Particularly on Java, 
with its many more or less isolated volcanic mountains which 
slope gradually down to the plains, the water-bearing beds are 
exposed on all sides and above the points in the lowlands and 
plateaus where artesian wells can give the necessary supply of 
good drinking water in many centers of population. 

As a general rule it may be stated that artesian borings may 
be expected to produce successful wells where young volcanics 
are found at no great distance. This is illustrated by the fact 
that artesian water is not found in quantities worth mentioning 
in the Residencies of Sourabaia and Rembang and along a great 
part of the southern coast of Java, in the greater part of Celebes, 
in Borneo and in parts of eastern Sumatra. 

At greater distances from the volcanoes and nearer to the sea, 
the salt content of the artesian water often increases. This is 
clearly illustrated by the wells in the neighborhood of Batavia, 
Tandjong Priok, the harbor to the north of Batavia, and Onrust, 
-an island in the Java Sea to the north of Tandjong Priok. 

From south to north the following average content of solid 
substance has been found in one liter of water (amounts are in 
grams): 


MeesteriCorels ое. 0.4 
Welterreden (upper town) ................ 0.5 
PICAVA E e OU NO от 0.6-0.7 
Tandjong Priok (harbor) ....... a ad 0.8 


Onrust slat оао р ee 1.3 


APPENDIX 


A BIBLIOGRAPHY OF PUBLICATIONS CONCERNING 
THE GEOLOGY OF THE NETHERLANDS EAST 
INDIES 


Ir is not our intention to give a complete list of the publica- 
tions used in the preparation of the lectures on the geology of 
the Netherlands East Indies. Such a list would exceed by far 
the scope of this paper and, furthermore, all the necessary in- 
formation can be found in the valuable bibliography of the litera- 
ture on geology and mining for the East Indian Archipelago and 
adjacent regions by Dr. R.D.M. Verbeek. This bibliography 
is indispensable to every geologist who wishes to make a study 
of the geology of the Netherlands East Indies. The first part, 
containing a list of 2665 numbers in 1912, was published in 
Verhandelingen van het Geologisch-Mijnbouwkundig | Genoot- 
schap voor Nederland en Kolonien, Geologische Serie (“Tran- 
sactions of the Geological and Mining Society for Nether- 
land and Its Colonies””), Part I, 1912-1915, pp. 31-247. An 
additional list has been published each year since then in the 
same periodical; in 1922 nine of these additional annual lists 
had been published, bringing the total number of publications 
which have been enumerated in this bibliography to 3634. Addi- 
tional publications in 1923 will bring this total to 3744 numbers. 
These lists can be obtained separately in special volumes. They 
give the publications in alphabetical and regional sequence; for 
the large islands and groups of islands there are special chapters. 

Another publication which deserves special mention is the 
general compilation of the results of geological research in the 
Archipelago up to 1917 by І. J.C. Van Es for the western part 
and by H. A. Brouwer for the eastern. These compilations were 
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published in Jaarboek van het Mijnwezen in Nederlandsch-Indié: 
Verhandelingen (“Yearbook of the Mining Department in the 
Netherlands East Indies: Transactions”) 1917, Part IL. A 


bibliography of the more important publications on the subjects 
dealt with is added. 


The principal periodicals in which papers on the geology of 
the Netherlands East Indies have been published are: 


1. Jaarboek van het Mijnwezen in Nederlandsch Indie (‘‘Yearbook of the 
Mining Department in the Netherlands East Indies"), 1872 to date. 
At first two parts (I and II) were published yearly; later a Technical 
and Administrative Part and a Scientific Part, but since 1910 a General 
Part and one or more volumes of Verhandelingen, the latter containing 


the geological papers, have been published. Published in Amsterdam 
till 1900; since then ш Batavia. 


2. Vulkanologische Mededeelingen (‘‘Vulcanological Communications”). 
Published by the Mining Department at Batavia since 1921. 


3. Verslagen en Mededeelingen betreffende Indische delfstoffen en hare toepas- 
singen (“Reports and Communications on Indian Mineral Deposits 
and Their Applications”). Published by the Mining Department 
since 1917 at Batavia. 


4. Tijdschrift van het Koninklijk Nederlandsch Aardrijkskundig Genootschap 
“Journal of the Royal Dutch Geographical Society"). Published 
since 1876, first at Amsterdam and later at Leiden. 


5. Natwurkundig Tijdschrift voor Nederlandsch-Indié (“Physical Journal for 
the Netherlands East Indies”). Published since 1850, at Batavia. 


6. Sammlungen des geologischen Reichsmuseums in Leiden. Beiträge zur 
Geologie Ost-Asiens, herausgegeben von K. Martin. Published since 
1881, at Leiden. 


Verslagen der Koninklijke Academie van Wetenschappen, Amsterdam 
(“Proceedings of the Royal Academy of Sciences, Amsterdam’). 
Published since 1853; in English since May, 1898. 


-I 


8. Verhandelingen van het Geologisch-Mijnbouwkundig Genootschap voor 
Nederland en Kolonien: Geologische Serie (“Transactions of the Geo- 
logical and Mining Society for Netherlands and Her Colonies: Geo- 
logical Series”). Published since 1912, at The Hague. 


9. Some papers have been published in Palaeontographica, Supplement 
Band IV. Beitrage zur Geologie von Niederlandisch-Indien, von Georg 
Boehm, fortgesetzt von J. Wanner. Published since 1904, at Stuttgart. 


10. For some time articles have been published in Centralblatt für Mineralo- 
gie, Geologie und Paläontologie, e.g. Zur Geologie des Indo-Australi- 
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schen Archipels, herausgegeben von Georg Boehm, (1908-1911). Neues 
Jahrbuch für Mineralogie u. s. v., e.g. Geologische Mitteilungen aus dem 
Indo-Australischen Archipel, herausgegeben von Georg Boehm, and 
several other articles. Stuttgart. 


11. A publication of which several volumes have appeared is Paläontologie 
von Timor, herausgegeben von J. Wanner. Published since 1914, at 
Stuttgart. 


Of the larger monographs, which have not been published in 
these periodicals, the following deserve special mention: 


В. D. М. VERBEEK: Topographische en Geologische Beschrijving van een 
gedeelte van Sumatra’s Westkust (“Topographical and Geological Descrip- 
tion of a Part of the West Coast of Sumatra”). With 19 maps, 7 colored 
profiles, 59 drawings, profiles, ete. Batavia and Amsterdam, 1883. 


В. D. M. VERBEEK: Krakatau, I. Batavia, 1884, II. Batavia, 1885. With 
43 maps and 25 plates. French edition: Krakatau, I. Batavia, 1885; 
II. Batavia, 1886, avec 43 cartes et 25 aquarelles. 


В. D. M. VERBEEK AND В. FENNEMA: Geologische Beschrijving van Java en 
Madoera. I and II, Amsterdam, 1896. With an atlas containing 50 
sheets with maps, profiles, etc. French edition: Description Géologique 
de Java et Madoura. I et 11, Amsterdam, with same plates, maps, etc. 


К. Martin: Reisen in den Molukken. Geologischer Teil. Leiden, 1897, 1902 
and 1903. 


С. А. Е. MoLEnGRAAFF: Geologische Verkenningstochten in Centraal-Borneo, 
met kaarten en platen. Leiden en Amsterdam, 1900. English edition: 
Geological Explorations in Central Borneo, with maps and plates. Leyden 
and Amsterdam, 1902. 


SIBOGA-EXPEDITE, 1899-1900 (“Siboga Expedition, 1899-1900”), edited by 
Max Weber. Particularly the monographs on the hydrographical results 
(submarine topography) and the bottom samples are of geological interest. 
The geological results have not yet been published. 


P. AND Е. Sarasin: Entwurf einer geographisch-geologischen Beschreibung der 
Insel Celebes. Wiesbaden, 1901. 


Е. С. ABENDANON: Geologische en Geographische Doorkruisingen van Midden- 
Celebes, I-IV. French edition: Expedition de la Celebes Centrale. Voyages 


géologiques et géographiques à travers la Celebes Centrale (1909-1910), avec 
atlas. Leiden, 1915-1918. 


W. Vorz: Nord Sumatra. I. Die Bataklander, Berlin, 1909; II. Die Gajo- 
lander, Berlin, 1912. 


J. Expert: Die Sunda-Expedition. 2 vols., Frankfort-on-Main, 1911-1912. 
Contains many unfounded hypotheses. 
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Frau М. LENORE SELENKA AND M. BLANCKENHORN: Die Pithecanthropus- 
schichten auf Java, etc. With 32 plates. Leipzig, 1911. 


DE ZEEËN VAN NEDERLANDSCH Оозт-Гмотв (“The Seas of Netherlands East 
Indies””), with a paper on the geology of the seas by G. A. Е. Molengraaff. 
Leiden, 1922. 


Nova GUINEA. Résultats de Expedition Scientifique Nearlandaise à la 
Nouvelle-Guinée en 1903, 1907, 1909, 1912 et 1913, sous les auspices de 
Arthur Wichmann, Н. A. Lorentz et A. Franssen Herderschee. The 
geological results have been published in part only. 


Much valuable information for students of East Indian geol- 
ogy will be found in the papers Geology and Vulcanology in the 
series: The History and Present State of Scientific Research in the 
Netherlands East Indies, published by the Committee for Inter- 
national Circum-Pacific Investigations of the Royal Academy of 
Sciences at Amsterdam, 1923. Although these papers were 
published after the lectures which furnish the subject-matter of 
the present volume were delivered by Professor Brouwer at the 
University of Michigan, it is useful to add some information 
derived from them. The paper Geology consists of two parts: Г. 
Development of Geological Knowledge in the Netherlands East Indies, 
by L. Rutten; and II. Geological Investigations carried out in the 
Netherlands East Indies during the Twentieth Century on behalf of 
the Department of Mines by the Engineers of the Staff, by L. Van 
Es.  Verbeek's bibliography does not contain a subject index 
for those who may seek information on special subjects of East 
Indian geology. For this purpose the foregoing publication gives 
a review, from which the following notes are principally derived. 
Full data are not given, for reference to most of the modern 
authors makes it easy to find the older literature. When the 
interested reader knows the authors, he will easily find the needed 
literature with the help of Verbeek's bibliography. Some of the 
information given in the following notes is also derived from the 
paper on Vulcanology in the series mentioned above. 
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acid igneous rocks, relation of to 108, 111 

mineral deposits, 93 anglesite, 111 
Actinacis, 33 Anopaea, 32 
actinolite, 99 anthozoa, 22 
Aegoceras, 25 antimonite, 111 
Aequinoctia, 10 antimony, 118 
Aerochordiceras, 19 apatite, 136 
Agathiceras, 15, 17 aplites, 114 
age of igneous rocks, 40, 41 Aquitanian, 35, 37 
Albania, 19 Arafura Sea, 6 
algae, 22 Arca, 27, 33 
Allorisma, 13 Arcestes, 20 
alluvial bench of New Guinea, 6 arcs, mountain, 47 
alluvial gold deposits, 98 Argand, E., cited, 48 
Alor, island of, 81 argentite, 97 
Alpine Bündnerschiefer, 11 Artetites, 25, 26 
Alpine mountain range, embryonic arsenic, 118 

stage of, 49, 65 arsenopyrite, 97, 111, 113, 114, 115 
Alpine types of mountains, 65 artesian water, 118 
Alps, 17, 31, 47, 48, 49, 52, 79; struc- Aru Islands, 9 

фиге of, 48 Asia, №, 10,11; 12 
Alveolina, 35, 38 Asiatic mountain arcs, 61 
Alveolinella, 38, 39 Aspenites, 19 
Amarassi, 16 Aspidites, 19 
Amarassites, 21 Astabe formation, 16 
Amblysiphonella, 22 Astabites, 15 
Ambon, island of, 23, 92 Astarte, 22, 29 
ammonites, 16, 17, 18, 19, 20, 21, 22, Asteria, 33 

23, 27, 28, 29, 33 Astraeomorpha, 22 
amphiboles, 78, 97, 100, 115 Athyrid limestone, 24 
amphibole-andesites, 43 atolls, 68, 69, 71, 73; see also reefs. 
amphibolites, 43 Atractites, 20 
Amphistegina,38 Aucella, 26, 28 
Amplexus, 16 Aucella malayomaorica, 26 
Analytoceras, 25 augite, 97, 99 
Anatibetites, 21 augitites, 40 
Anatomites, 21 Aulacoceras, 20 
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Aulacothyris, 22 

Aulohelia, 16 

Aulopora, 16 

Australia, 1, 2, 9, 10, 11, 12, 18, 49, 
65, 67, 69, 81 

Australian continental land-mass, 6 

Australian submarine bank, 81 
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azurite, 108 
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Baars Island, 137 
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54, 64 
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Banda Sea, 43, 52, 54, 55, 59, 60, 
78, 84, 123, 134 
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Banka, 98, 103, 106, 113, 114, 118 

Barissan Mountains, 2, 51, 52, 83, 
122 

barite, 109 

barrier reefs, 68, 69, 71, 73; 
reefs 

basalts, 40, 43, 78, 100 

basanites, 40 

basic igneous rocks, 
mineral deposits, 93 

Basleo, 16 

Basleocrinus, 15 

Batjan, 128 

belemnites, 11, 26, 28, 29 

Belemnites, 25, 26, 27, 29 

beryl, 115 

Benkulen earthquake 85, 86 

Benkulen gold-silver deposits, 97 

Besitang River, 13 

Billiton, 98, 113, 

bismuth, 99, 117 

Bitauni, 16 

blastoidea, 15 

Bochianites, 32 

Bolbocrinus, 15 

Bonthain, 76 

Borneo, 1, 2 4 5, 60775 1E Oa 


see also 
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11441115: 50416 
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Brochidium, 20 

Bromo volcano, 74 

Brouwer, H. A., quoted, 49 

building-stones, 118 

Bündnerschiefer of the Alps, 11 

Burma, 12, 25, 26, 27, 122 

Burman arc, 47 

Bursocrinus, 15 

Buru, 4, 18, 23, 24, 26, 31, 43, 44, 54, 
55, 61, 64, 90, 121 

Buton, 24, 121 


Calcarina, 38 
calderas, 3 


'caldera lakes, 77 


California, earthquake of 1906, 88 

Calycocrinus, 15 

Camarophoria, 16 

camptonitic rocks, 44 

Carboniferous, 12, 13, 14, 15, 16, 18, 
51; Sumatra, 13; Timor-Ceram row 
of islands, 14; New Guinea, 17; 
Borneo, 17; Celebes, 17; Ceram, 
18; Buru, 18 

Carcinophyllum, 16 

Cardiomorpha, 21 

Carnian, 20, 22, 23, 24 

Carnian Neckian beds, 23 

Carpathian Mountains, 52 

Carpenteria, 38 

Cassianella 22, 24 

cassiterite, 113, 114 

Celebes, 1, 5, 6, HM 12, 17.24 20 д], 
31, 36, 41, 42, 43, 50, 56, 61, 64, 69, 
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iron, 100, 101, 102, 105, 106; lead, 
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Cenomanian formation, 33, 34, 41, 
133 

cephalopods, 13, 15, 19, 24, 25, 27 

Ceram, 4, 18, 20, 23, 26, 31, 53, 54, 
61, 64, 90, 121, 123, 125, 134 

Ceram earth- and seaquake, 85, 87 

Ceratites, 19 

cerussite, 110, 111, 113 

chalcocite, 107, 108, 109 

chalcopyrite, 97, 98, 104, 107, 108, 
109, 110, 113, 115 

Challenger Expedition, 31 

Chemical composition of oils, 125, 
126 

Chemnitzia, 21 

China, 10, 12 

Chonetes, 13, 20, 21 

Christmas Island, 137 

Choristoceras, 21, 22 

Chromium, 93, 116 

Cibolocrinus, 15 

einnibar, 117 

Circopora, 22 

Cladiosites, 20 

Cladiscites, 20, 21 

Cladochonus, 16 

Clisiophyllum, 13, 16 

coal, 14, 35, 93, 118, 127, 128, 129, 
130; age of, 127; analysis, 132; 
distribution, 128; production, 132, 
133 

Coelostylina, 20 

concretions, 22; chert, 26; iron, 22, 
25, 26, 28; manganese, 26, 31, 46, 
105 

Conocardium, 13 

contact metamorphism, 98, 103, 104, 
107, 113, 114 

continental shelves, 8 

copper, 97, 98, 107, 109, 111; with 
granitic magmas, 107; with Young 
Tertiary andesites, 107; with basic 
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corals, 13, 14, 15, 16, 23, 24, 29; 
see reefs 

coral islands, 67, 69; see atolls and 
reefs 

Соғаайев, 14 

Cornucordia, 22 

Corynella, 22 

“couches rouges," 31 

covellite, 107, 108, 109 

crater lakes, 77 

Cretaceous, 11, 27, 30, 31, 32, 38, 35, 
41, 42,.44, 46, 48, 51, 52, 109, 123; 
Timor-Ceram arc, 30; Celebes, 31; 
Sula Islands and Misool, 32; 
Halmaheira, 32; New Guinea, 32; 
Sumatra, 33; Java, 33; Borneo, 33 

crinoids, 12, 13, 17, 24 

crustal weakness, zones of, 1, 46, 82 

crystalline schists, 54, 56, 57 

Cuban iron ores, 101 

Сисийаса, 27 

cuprite, 107, 109 

Cyclolobus, 15 

Cycloclypeus, 38, 89 

Cydonocrinus, 15 

Cypricardium, 29 

Cyrtopleurites, 21 

cystidea, 15 
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dacites, 40, 42, 43 

Dactylioceras, 25, 28 

Dalmanella, 13 

Daly, R. A., cited, 9 

Dammer, 3 

Danau formation, 30, 41, 48, 73 
Daonella, 20, 22, 23, 24 

Daraelites, 15 . 

deep-sea deposits, 26, 31, 46 
Delocrinus, 15 

Dentalium, 24 

Derbyia, 16 

Deroceras, 25 

detrital deposits of tin, 111, 112, 113 
Devonian, 12 
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diabases, 14, 30, 43 

diabase porphyrites, 30, 97 
diabase porphyry, 106 
diamonds, 93, 118, 133, 134 
diastrophism, periods of, 46, 48, 49 
Dibunophyllum, 16 
Dicerocardium, 22 

Dicoelites, 26, 27 
Dictyoconites, 20 

Dictyopora, 16 

Didymites, 21 

Dielasma, 22 

Dimorphites, 20 

Dimyodon, 21 

Dinocrinus, 15 

Dionites, 21 

diorite, 97, 111 

Discites, 15 

Discohelix, 25 

Discophyllites, 20, 21 
Discorbina, 32 

Discorbina canaliculata, 30, 32 
Discotropites, 21 

Disjectopora, 22 

Distichites, 21 

Djambi, 14, 29, 33, 42, 51, 98 
Dogger, 25, 26, 28, 30 
dolerites, 13 

Doliolina, 13 
dynamo-metamorphism, 41 
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Earthquakes, 74, 75, 82; geanticlinal 
movements in space, 84; longitu- 
dinal tectonic lines, 85; transverse 
tectonic lines, 88; longitudinal and 
transverse tectonic lines, 91; rela- 
tion to crustal stability, 83; to 
mountain-building, 62, 64; to Ter- 
tiary Mountain belts, 82; to vul- 
canism, 83, 84, 86 

Earthquake sea-waves, 88 

echinoids, 15 

Economie geology, 93 

Ectocentrites, 25 

Ectolcites, 21 

Elasmobranchii, 31 
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eluvial gold deposits, 98 

Embryocrinus, 15 

Endolobus, 15 

Entolvum, 22 

Eocene, 31, 35, 36, 38, 43, 44, 55, 56, 
133; of the Alps and Carpathians, 
22 

Eocene coals, 128, 129, 130 

epicenters, location of, 64, 82, 83, 87, 
89, 90; relation to tectonic lines, 
85 

Episageras, 15 

Erisocrinus, 15 

eruptives, basic, 17, 22, 56 

essexite, 42 

Etna Bay, 29 

Euomphalus, 13 

Europe, 34, 48 

Eutelecrinus, 15 

Exelissa, 30 


F 


fatus, 21, 52, 54 

faulting, horizontal, 62, 67; see 
fractures and faults 

Favosites, 16 


‚ “Fenster,” 125 


fergusite, 42 

“fire girdle of the Pacific,” 79 

Flemingites, 19 

Flores, 3, 105, 137 

Florianites, 19 

fluorite, 113, 115 

Flysch, 23; of the Alps, 20 

Fogi beds, 23, 24 

folded mountains, life history of, 46, 
48, 59 

Foraminifera, 13, 20, 24, 26, 32, 34, 
39 

foyatic rocks, 40, 42 

fractures, 4, 6, 62, 70, 71 

fractures and faults with relation to 
folding, 47, 59; related to vertical 
and horizontal movements, 59, 60, 
61 

fractures, transverse, in reef-caps and 
horizontal displacement, 70 


Index 


fracture systems, bays and basins 
caused by; 3, 4, 5, 6 

fringing reefs, 68, 69; see reefs 

Fusulinella, 13, 14 

Fusulinidae, 13, 14, 15, 17 


G 


Gabbros, 40, 41, 42, 56, 136, 138 

xajoh, 29 

galena, 97, 98, 107, 110, 111, 113 

Galunggung Volcano, 77 

gaping fractures, 61, 62; see fractures 
and faults 

garnet, 99, 110, 

Gastrioceras, 15, 17 

gastropods, 13, 15, 19, 20, 21, 22, 
23, 24, 25, 29, 33 

Gault, 33 

geanticlinal axes, pitch of, 70; see 
geanticlines 

geanticlines, 5, 8, 47, 48, 55, 59, 60, 
65, 67, 68, 70, 71 

geanticlines and earthquakes, 84 

Gedang Шт, gold-silver deposits, 97 

Geelvink Bay, 29 

geosynclines, 48, 51, 52, 59, 67, 71, 86; 
of the Himalayas, 35; Tethys, 36 

geosynelines and petroleum, 119 

rervilleia, 22 

Gervilleioperma, 25 

glacial beds, 18 

glacial period, 69 

Globigerina, 38, 39 

Globigerina limestone, 31, 32 

Globigerina aequilateralis, 30 

Globigerina bulloides, 30 

Globigerina cretacea, 30 

Globigerina limnaeana, 30 

Globigerinidae, 20, 30, 31, 32, 39 

Glyphioceras, 15 

gneisses, 10 

gold deposits, 93, 95, 98 

gold-silver ores and deposits, 96, 97, 
98, 104, 108, 110, 111 

gold and silver production, 99, 100 

Gondwana Land, 35 

Goniomya, 26 


115, 116 


Gonionotites, 21 

Gonodus, 20, 21 22, 25 
gradational plain, 8 
Grammoceras, 25 

granites, 10, 11, 40, 41, 51, 55 
grano-dioritie rocks with iron, 100 
Graphiocrinus, 15 

Great Sunda Barrier Reef, 69 
grelsen tin deposits, 113, 114 
greywackes, 13, 17 
Griesbachites, 21 

Griffithides, 13 

Gryphoceras, 21 

guano, 137 | 

Gunung Ваги Volcano, 74 
Gymnites, 19 

Gypsina, 38 


H 


Hallstatt, Austria, cephalopod lime- 
stones, 18, 20 

Halmaheira, 6, 11, 32, 36, 43, 47, 55, 
570, ор MEAS 

Halobia, 21, 22, 23, 24 

Halorella, 22, 23 

Halorites, 21 

Hammatoceras, 27, 28 

Hanielites, 19 

Harpoceras, 25, 28, 29 

Harpoceras radians, 29 

harzburgites, 101 

Hedenstroemia fauna of the Hima- 
layas, 19 

Helictites, 21 

hematite, 104, 115 

Hemiaster, 32 

Heterastridium, 20 

Heterocoenites, 16 

Hildoceras, 28 

Himalayas, 17, 28, 35, 47, 55 

Himalayites, 32 

Hobbs, W. H., cited, 64 

Holaster, 32 

Hologyra, 21, 22 

Hoplites, 32 

Hoplites wallichi, 29 

horizontal movements, 54, 62, 65, 68, 
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70, 71; evidences of, 59, 60, 61, 
63, 64; in the Alps, 48 
hornblende andesite, 98 
hornblende porphyrite, 110 
hornfels, 24 
Hudlestonia, 25 
Hungarites, 20 
Hustedia, 25 
Hyattoceras, 15 
Hydreionocrinus, 15 
hydrozoa, 22, 23 
Hymatella, 22 
Hypocladiscites, 21 
Hypocrinus, 15 


ice-sheets, 7, 9 

Idjen caldera, 76 

Idoceras, 27 

igneous rocks, 40 

imbricated structures, 54, 55, 121 

India, 16, 55 

Indian Ocean, 1, 40, 47, 59, 65 

Indo-China, 13 

Indo-Pacific region, 34 

Indonesites, 21 

inesite, 97, 106 

Indocrinus, 15 

Inoceramus, 26, 27, 28, 29, 32 

iodide of copper, 135 

iodine, 118, 134, 135 

iron, 93, 100, 101, 102, 103, 104, 111, 
114 

Irwin River coal-field of Australia, 17 

Isastraea, 22 

Isculites, 20, 21 

Isocrinus, 22 

Iscocyprina, 22 

Itieria, 33 


J 


jalpaite, 97 

Jamdena, island of, 60, 67, 71 

Japan, 88 

Japonites, 19 

Java dio 2,850, 0, ПЛ. 888, Sb G5, SiS, 
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37, 43, 44, 47, 52, 63, 74, 76, 77, 78, 
81, 83, 84, 89, 100, 105, 117, 118, 
129, 131, 133, 135, 138, 139 
antimony, 118; coals, 129, 131; 
iron, 100; manganese, 105; mercury, 
117 

Java Sea, 7, 36, 39, 119, 139 

Joannites cymbiformis, 20, 21 

Jovites, 21 : 

Jurassic, 22, 23, 24, 25, 26,27, 28, 29, 
30, 32, 43, 44, 54, 55; Borneo, 29; 
Celebes, 26, 27; Misool, 27; New 
Guinea, 28; Obi Islands, 27; Sula 
Islands, 27; Timor and Rotti, 25; 
other islands of the Timor-Ceram 
arc, 26 

Juvavites, 21 


к 


Kambing, island of, 81 

kaolin, 114 

kaolinite, 111 

Kapuas River, 7, 29 

Karakoram, 28 

Karau Mountains, 43 

Karimon Djawa Islands, 52 

Kashmirites, 19 

Kei Islands, 53, 54, 55, 60, 121 

Kelut Volcano, 77 

keratophyres, 14, 40, 42 

kersanites, 111 

Keyserlingiles, 19 

Kilianella, 33 

Kisser, island of, 73 

“klippen,” 52 

Knemoceras, 33 

Kokenella, 21 

Koninckina, 20 

Kota Bunau gold and silver deposits, 
97 

Krakatau Volcano, 76, 77 


L 


laccoliths, 42 
lakes, crater, 77 
lakes, caldera, 77 
Lakor, 70 
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lamellibranchs, 13, 20, 21, 22, 26, 


28, 29, 33 
Lamna teeth, 31 
Lamnidae, 31 
Landak River, 33 
Langkat, Sumatra, 33 
Larona iron deposits, 101 
lateritie erusts, 56, 101 


lateritic residual iron ores, 101, 102, 


103 
lava domes, 77 
lava flows, 76 
lava plugs, 76 
lead and zine, 110 
Lebutang River, 27 
Leda, 22 
Leiospongia, 22 
Lembe, 137 
Lepidocyclina, 34, 38, 39 
Lesser Sunda Islands, 43, 52, 78, 81 
Letti, island of, 17, 22, 25, 31, 70 
leucite, 40, 42, 44 
lherzolite, 101 
Tas, 25, 26, 27, 28, 29 
lignite, 37, 119, 130, 131 
Lima, 20, 21, 22, 25, 27 
limburgites, 40 
liparitie rocks, 43 
Liparoceras, 25 
Lissochilina, 20 
Lithiotis, 25 
Loftusia, 33 
Loh Ulo River, 33 
Lombok, 3, 74 


longitudinal tectonic lines and earth- 


quakes, 85 


Longitudinal and transverse tectonic 


lines and earthquakes, 91 
Lonsdaleia, 13, 16 
Lonsdaleiastrae, 16 
Lophophyllum, 14 
Lopadiocrinus, 15 
Lovcenipora, 22 
Lovcenipora vinassi, 22 
Lower Callovian fauna, 27, 29 
Lower Carnian, 24 


Lower Cretaceous, 27, 29, 30, 32, 33, 


43 


Lower Jurassic, 25, 29, 48 
Lower Lias, 28 

Lower Miocene, 34 
Lower Norian, 23, 24 
Lower Tertiary, 35, 36 
Loxocrinus, 15 
Loxonema, 13, 21, 22 
Luang, 17, 70 

Lucina, 29 

Lytoceras, 25, 26, 32 
Lytonnia, 16 


M 


MacCluer, gulf of, 29, 55 

Macrocephallites, 26, 27, 28 

Macrocheilus, 13 

Madura, 37 

magnesite, 118, 137, 138 

magnetite, 100, 103, 114, 115 

Mahakkan River, 30 

Mahengitang Island, 78 

Makassar Strait, 1, 2, 5, 69 

malachite, 107, 108, 109 

Malay Archipelago, 49 

Malayites, 21 

Malay Peninsula, 7, 13, 24, 36, 112, 
113 

Malm formation, 26 

Mamberamo River, 6, 29 

manganese, 105, 106, 111 

manganese nodules, 26, 31, 46, 105 

Mangani silver deposits, 97 

mangrove swamps, 5 

Manipa Strait, 61, 62, 91 

Martin, cited, 34 

Martinia, 14, 16 . 

Mediterranean Sea, 17, 36 

Mediterranean region, 48 

Medlicottia, 15 

Megalodus, 20 

Megaphyllites, 19, 20 

Meekoceras, 19 

Meekoceras limestone, 18, 19 

melaphyres, 14, 40, 43 

melilite basalts, 40 

Merapi Volcano, 77 

mercury, 117 

Mesozoic, 10, 11, 14, 16, 17, 18, 29, 
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30, 32, 33, 36, 41, 43, 46, 49, 50, 
51, 52, 53, 54, 55, 100, 105, 110, 
113, 121, 125; in the Alps, 22 

Mesozoic Continent, 10 

Metacarnites, 21 

metalliferous deposits, 95 

metamorphism, 10, 11, 12, 13, 17, 29; 
contact, 11, 106; dynamo-, 41 

metasomatic replacement in gold- 
silver deposits, 97 

metasomatic deposits of manganese, 
105 

methane, 121, 123 

mica foyaite, 42 

Michelinia, 16 

Middle Cretaceous, 33 

Middle Dogger, 28, 29 

Middle Jurassic, 25, 26, 27, 48 

Middle Norian, 24 

Miltites, 21 

Miocene, 34, 35, 38, 39, 55, 98, 105; 
coals, 30, 31 

Miogypsina, 38, 39 

Misolia, 22, 23 

Misolia misolica, 24 

Misool, 27, 28, 31, 32, 43 

Mitak, 134 

Molengraaff, G. A. F., cited, 70 

Molengraaffia, 22 

Molengraaffites, 21 

Mollocrinus, 13 

Moluccas, 1, 6, 25, 34, 39, 43, 55, 87, 
90, 110 

molybdenite, 117 

molybdenum, 117 

Mojsvaroceras, 19 

monadnocks, 7 

Monilopora, 16 

Monobrachiocrinus, 15 

Monophyllites, 19, 20 

Monophyllites simonyi, 20 

Monotis, 21 

Monotis salinaria, 23, 24 

Monotrypella, 22 

Montessus de Ballore, cited, 83 

Montlivaultia, 22, 29 

Moromahu, 134 

mountain-building, 2, 8, 11, 12, 47, 
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57, 62, Tertiary, 3, 4, 8, 12; post- 
Tertiary, 3, 4, 5, 6, 47, 48, 49, 57, 81 

mountain-building, evolution of, 73 

mountain-building and vulcanism, 79 
81, 82 

mountain ranges, embryonic, 11, 49, 
59, 65 

Mt. Pelé, eruption of in 1902, 77 

mud-flow, 77 

mud volcanoes, 121 

Murchisonia, 13, 21 

muscovite, 22 

M yochoncha, 21 

Myophoria, 21, 22, 23, 24, 25 

Myophoriopis, 22 

Myriophyllia, 22 

M yriopora, 29 

Mytilus, 25, 32, 33 


N 


Nannites, 19 

Хайса, 21, 22 

Naticopsis, 13, 21, 22 

natural gas, 121 

nautiloids, 15, 20, 21 

Nautilus, 15, 25 

Neocomites, 33 

Neodyas formation, 16 

Neogene formations, 34, 36, 37, 44, 
52, 55 

Neogene time, 119, 121 

Neoplatyerinus, 15 

Neoschwagerina, 13 

Neoschwagerina annae, 14 

Neotibetites, 21, 23 

Nepal, 28 

nepheline rocks, 40 

Neoproetus, 13 

Nerinea, 25, 32, 33, 34 

Neritaria, 21 

Neumayr, cited, 10 

New Caledonia, 6, 116 

New Guinea, 1, 6, 9, 11, 12, 17, 28, 
30, 32, 39, 42, 47, 53, 55, 56, 57, 121, 
198, 131 194 

New Zealand, 6, 28, 47 

nickel, 116 


Index 


Noil Tobe, Timor, 31 

non-metals, deposits of, 118 

Norian formation, 20, 22, 23, 24, 28, 
32; Lower, 23, 24; Middle, 24 

Notothyris, 16 

Nucula, 20, 21, 22, 24, 25, 32 

Nummulites, 35, 36, 38, 39 


0) 


Obi Islands, 11, 27, 28, 32 

oil, 36; see petroleum 
chemical composition of, 125, 126 

oil fields, 119; distribution, 119, 120; 
structure, 122, 123; springs, 121 

oil and gas production, 127 

Oligocene, 34, 38, 39, 56 

olivine-diabase, 97 

Oosterella, 33 

Operculina complanata, 38 

Operculum, 21 

Ophiceras, 19 

Oppelia, 26, 27 

Orbitoides, 35 

Orbitoides limestone, 37 

Orbitolina concava, 33, 34, 41 

Orbulinaria, 30 

Orbulinaria ovalis, 30 

Orbulinaria sphaerica, 30 

ores, see names of the various metals 

Orthophragmina, 38, 39 

orogenic systems, 46 

Orthoceras, 13, 15, 19, 20, 21 

Orthotetes, 13, 16 

Ostrea, 27, 32, 34 

Otholithus, 21 

Otoceras, 19 

Otoceras limestones of the Himalayas, 
19 

overthrusts, 14, 18, 54, 55, 63, 123; 
in the Alps, 48, 54 

Owenites limestone, 18, 19 

Oxfordian age, 26, 27, 28 

Oxynoticeras, 25 


ID 


Pachydiscus, 32 
Pachypora, 16, 22 
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Padang, Highlands of, 14, 24, 51 

Padmerang Islands, 137 

Palaeacis, 16 

Palaeocardita, 22 

Palaeoholopus, 15 

Palaeoneilo, 21 

Paleleh gold and silver deposits, 97 

Palembang gold and silver deposits, 
98 

Paleodyas formation, 16 

Paleogene, 52, 121 

Paleozoie, 10, 11, 12, 13, 16, 25, 36, 
41, 43, 46 

Paleozoie continent, 10 

Pantar, 3 

Papua, 28 

Parasatillocrinus, 15 

Paracladiscites, 21 

Paradoxia, 25 

para-gneisses, 12 

Paralegoceras, 17, 18 

Parallel rows of islands, evolution of, 
65, 66, 67 

Paranautilus, 21 

Parapopanoceras, 15 

Parapronorites, 15 

Parasageceras, 19 

parisitic cones, 3, 76 

Paratibetites, 21 

Paratropites, 21 

Patella, 13, 20, 21 

Pecopteris, 14 

Pecten, 21, 22, 24, 25, 27 

Pecten clignetti, 23 

pelecypods, 15, 19, 23, 24, 25, 26, 29 

Peltoceras, 27 

peneplain, 7, 8 

Pentacrinus, 29 

Pergamidia, 21 

peridotite, 40, 41, 42 

Perisphinctes, 26, 27, 29, 30 

Permian, 13, 14, 17, 18, 41, 42, 51, 54, 
127; see Carboniferous and Permian 

petroleum, 93, 118, 119, 121; see oil 
fields, 119 

pharetrones, 23 

Philippines, 5, 47, 50, 57 

Phillipsia, 13 
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Phloioceras, 21 

phonolites,.40, 44 

phosphate, 118, 136, 137 

phosphorus, 104 

phyllites, 11 

phyllitie slates, 13, 29, 51, 54 

Phylloceras, 25, 26, 27, 28, 29, 32 

Phylloceras strigile, 29, 32 

picrites, 40 

Pinacoceras, 20, 21 

Pinna, 13, 22 

placers in Borneo, 98 

Placites, 21 

plateau sandstone of Borneo, 4 

platinum, 93, 116 

Platycrinus, 15 

Pleistocene, 7, 8, 36, 39, 40, 50, 69, 
112, 119, 139; changes of sea-level, 
39; climate, 39 

Plerophyllum, 16 

Pleurocrinus, 15 

Pleuronautilus, 13, 15, 21 

Pleurotomaria, 13, 20, 21, 22 

Pliocene, 34, 80, 38, 39, 40, 44, 50, 52, 
67, 106, 130, 137 

Plio-Pleistocene, 44, 50, 123, 125 

pneumatolitie minerals, 115 

polianite, 114 

Polycoelia, 16 

Polystomella, 38 

Popanoceras, 15 

porphyries, 14, 40, 42 

porphyrites, 14, 40 

Portlandian age, 28 

Posidonia, 26 

Posidonomya, 27 

post-Paleozole, 10 

Poteriocrinus, 13, 15 

pre-Cambrian, 10 

Prenkites, 19 

Prionites, 19 

Proarcestes, 20, 21 

Procladiscites, 19 

Procyclolites, 22 

Productus, 13, 14, 16 

Pronorites, 15 

Prophyllocrinus, 15 

Propinacoceras, 15, 17 


Index 


Proptychites, 19 
propylitization, 97, 111 
Prospondylus, 21 
Protocardia, 22 
Protorcula, 22 
Protrachyceras, 20 
Pseudofavosites, 16 
Pseudomontis, 19 
Pseudosageceras, 19 
Pseudomurchisonia, 20 
Pseudopachymytilus, 25 
Pseudotextularia, 32 
Pseuaotextularia globulosa, 30 
psilomelane, 106 
Pterotoceras, 20 
Ptychites, 19, 20 
Pulu Batu, 137 
Pulu Laut, coal of, 128, 129 
Pulvinulina, 39 
pyrite, 97, 98, 104, 106, 110, 111, 118, 
114, 115 
pyrolusite, 105 
pyrometamorphic sediments, 41 
pyroxene, 100 
pyroxene-andesites, 48, 78 
pyrrhotite, 97, 115 


Q 


Quarternary, 39, 139; Bun with 
diamonds, 133 

quartz- keratophyres, 14, 42 

quartz-porphyries, 14, 40, 42 


R 


Radiolaria, 22, 26, 27, 30, 31, 32, 
46, 105 

Radiolarian hornstones, 41 

Radiolarian ooze, 30 

radiolarites, 20 

Radiolites, 32, 34 

Rakata Peak, 76 

Raung Volcano, 74, 76 

reefs, coral 3, 5, 7, 54, 67, 69, 71; bar- 
rier reefs, 51, 68, 69; barrier reefs, 
atolls, and submergence in unstable 
areas, 71; fringing reefs, 40, 68, 


Index 


69; reefs near lands which are 
stable with regard to vertical 
movements, 69; upheaved, 59, 65, 
67, 68, 70, 71, 73 

reef-caps, 68, 69; pitch of and vertical 
displacement, 70; terraced, 73; 
transverse fractures, 70; unsym- 
metrical, 59, 60, 67; unsymmetrical, 
and horizontal displacement of, 71 

relief features, 1; Borneo, 4; Celebes, 
5; Java, 3; New Guinea, 6; Suma- 
tra, 2; Timor-Ceram are, 4 

Reticularia, 13 

Retzia, 16 

Rhacophyllites, 25 

Rhaetie formation, 22 

Rhaetidia, 21 

Rhipidomella, 16 

rhodonite, 106 

Rhopalobelus, 27 

Rhynchonella, 16, 21, 22, 25, 26, 27 

rhyolites, 13, 40, 42 

Richthofenia, 16 

Rindjani Volcano, 74 

Riouw Archipelago, 24, 112; see ‘‘tin 
islands ” 

Roemerocrinus, 14 

Roma Island, 81 

Romanites, 19 

Rosalina linnei, 30 

Rotalia, 38 

Rotti, island ої, 17, 23, 25, 26, 31, 44, 
60, 63, 70, 71, 105, 106, 121, 134 

Ruang Volcano, 77 

ruby silver, 97 

Rutten, L., eited, 38 


5 


Sageceras, 20 

Sagenites, 21 

Sahul Shelf, 2, 6, 9, 39, 48, 60, 65, 
67, 69 

Salawati, 128, 131 

Salt Range, 14, 17, 19 

Sandlingites, 21 

Sanga Sanga oil-field, 123, 124, 136 

Savai Вау, 64 
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Savu, 17, 23, 70, 73 
Scalaria, 21, 22 
scaphapod, 24 
schists, see crystalline rocks and 


crystalline schists 

Schizoblastus, 15 

Schizophorites, 16 

Schlönbachia, 33 

Schlotheimia, 25 

sea-waves, earthquake, 88; volcanic, 
77 

Sebuku iron deposits, 102 

secondary enrichment of copper, 108 

Seewer beds, 31 

Semeri Volcano, 74, 77 

Senonian formation, 32, 34 

Sermata Islands, 68, 71, 73 

serpentines, 40, 41, 42, 43 

seismograph, 82 

seismotectonic lines, 83 

shark’s teeth, 31, 46 

shonkinites, 42 

Sibirites, 19, 21 

Sibirites limestone, 18, 19 

Sicily, 17 

siderite, 115 

Sikkim, 28 

Silat River, 33 

silky slates, 11 

silver, 93, 95, 96, 97, 104; see gold- 
silver deposits 

Singkarah, Lake, 24 

Sino-Australia, 10 


` Sinturu gold and silver deposit, 98 


Sirenites, 21 

snow-line, 6 

Snow Mountains, 55 
Solenopora, 22 

Somohole formation, 16 
Sorites, 39 

Spatangidae, 33 
sphalerite, 97, 98, 107, 110, 111, 113 
spirifer, 13, 16 
Spiriferina, 16, 20, 22, 25 
Spirigera, 13, 22 
Spiroclypeus, 38 

Spiti shales, 27, 32 
sponges, 22 
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Spongiomorpha, 22 

Stachyocrinus, 15 

Steinmannia, 22 

Steinmannites, 21 

Stellispongia, 22 

Stenarcestes, 21 

stephanite, 97 

Stephanoceras, 25, 20, 27, 29 

Stephanoceras blagdeni, 27 

Stephanoceras humphresi, 27, 28 

straits, origin of, 61, 70, 71 

straits, transverse, 4; see fractures 
and faults 

Strait Laut, 

Striblites, 32 

Streptorhynchus, 16 

Striatopora, 16 

strikes of Tertiary structures, 47 

Stromaporidium, 22 

Stromatopora, 22 

Strombus, 34 

Strongylocrinus, 15 

Strophalosia, 16 

Strophomena, 13 

Sturia, 19, 20, 21 

Stylonites, 16 

Stylophyllopsis, 22 

Styrites, 21 

submerged coasts of Вогпео, 5 

submergence in unstable areas, 71 

Sula Islands, 11, 26, 28, 30, 31, 

sulphur, 99, 104, 118, 135, 136 

Sumalata gold and silver deposits, 97 


islands of, 101, 102 


Sumatra, 1, 2, 6, 7, 11, 13, 17, 24, 25, 


29, 30, 32, 33, 36, 37, 41, 43, 47, 
50, 52, 63, 78, 81, 83, 84, 86, 89, 
122, 127 
bismuth, 117; coal, 128, 129, 131; 
copper, 108, 109; gold and silver, 
98; iron, 103, 104; lead and zinc, 
110; manganese, 106; mercury, 
117; molybdenum, 117; platinum, 
116; tin, 112 

Sumatrina, 13 

Sumba, island of, 4, 54 

Sumbawa Island, 3, 44, 76 

Sumbing Volcano, 77 

Sundacrinus, 15 
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Sundaites, 15 

Sunda Land, 7, 37, 69; see Sunda 
Shelf 

Sunda Shelf, 1, 2, 5, 6, 7, 9, 39; 
submergence of, 6, 7, 9 

Sunda Strait, 62, 89, 91 

Sungi Landak, 13 

Switzerland, 12 

Sycocrinus, 15 

Symbathocrinus, 15 

Syntomocrinus, 15 

Syringoceras, 19, 20, 21 

Taluti Bay, 64 

Tamboro Volcano, 44, 76 

Tandai gold and silver deposits, 97 

Tapanuli gold and silver deposits, 98 

Tawarin River, 29, 32 

tectonic features, major, 46; relation 
to oil distribution, 122, 123 

tectonics, 37, 49, 51, 52 

tellurium, 99 

Temnocheilus, 13, 15, 22, 26, 31 

Tenimber Islands, 53, 60, 65, 67, 68, 
71,191 184 

Tengger caldera, 74 

tephrites, 40 


‚ Terebratula, 16, 22, 25, 27 


Terebratuloidea, 13 

Terequemia, 21 

Tertiary 7, 8, 10, 12, 26, 3435,30, 
87, 41, 42, 43, 44, 46, 48, 49, 50, 51, 

. 52, 58, 54, 55, 56, 57, 63, 64, 65, 67, 
78, 97, 106, 109, 111, 118, 121, 128, 
125, 127; deformations of, 46, 47, 
50, 51, 52 

Tethys geosyncline, 17 

Tethys Sea, 76 

tetradymite, 99 

Tetularidae, 30 

Textularidae, 30 

Thalassocrinus, 15 

T'hecosmilia, 22 

theralitie rocks, 40, 42 

Thetidicrinus, 15 

Thisbites, 21 

Thurmannia, 33 

Timor, 4, 16, 20, 23, 25, 26, 31, 41, 42, 
43, 44, 49, 50, 53, 54, 63, 64, 65, 67, 


Index 


68, 70, 71, 73, 79, 121, 125, 127, 134 
chromium, 116; copper, 109, gold 
and silver, 98; manganese, 105 

Timor-Ceram row of islands, 54, 55, 
56, 70, 71, 79 

Timoria, 21 

Timorites, 15 

Timorocrinus, 15 

Timorphyllum, 16 

tin, 7, 93, 98, 104, 111, 112, 118, 114, 
1512 

tin granites, 113 

titanite, 100 

titanium, 104 

Tobler, 14 

topaz, 113 

topography, submarine, 2, 6, 9 

Totok gold and silver deposits, 98 

tourmaline, 113, 114, 115 

trachy-andesites, 40 

trachy-dolerites, 40 

Trachyceras, 20 

Trachypleuraspidites, 21 

Trachypsammıa, 16 

Trachypsammidae, 16 

Trachysagenites, 21 

trachytes, 40, 43 

transverse fractures, see fractures 
and faults in reef-caps and hori- 
zontal displacement, 70 

transverse straits, origin of, 61, 71, 89 

transverse tectonic lines and earth- 
quakes, 88 

trend lines (structure), 53, 55, 56, 57; 
see tectonics 

Triassic, 18, 30, 31, 32, 43, 49, 54; 
Borneo, 24; Buton, 24; Misool, 23; 
Riouw Archipelago, 24; Sumatra, 
24; Timor, 18; other islands of 
Timor-Ceram row, 23 

Trigonia, 22, 23 

trilobites, 12, 13, 17 

Trimerocrinus, 15 

Triolites, 19 

Trochus, 13, 21 

Tropidoceras, 25 

Tropites, 21 

tsunamis, 88 
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Tukang Besi Islands, 73 
tungsten, 117 
Turritella, 22 

Tuscarora deep, 88 


U 


unconformities, 50, 51, 52; base of 
Cenomanian, 51; between Middle 
Tertiary and Plio-Pleistocene, 50 
52; between Mesozoic and Tertiary, 
50, 51; between Pliocene and Pleis- 
tocene, 50, 52 

unsymmetrical reef-caps and hori- 
zontal displacement of, 71 

upheaved atolls and barrier reef-caps, 

terraced reef-caps and the evolu- 

tion of mountain-building, 73 

Upper Bajoican, 28, 29 

Upper Cretaceous, 30, 31, 32, 33, 

34, 43, 53, 123 

Upper Dogger, 28 

Upper Jurassic, 26, 29, 30, 32, 43, 

48, 49, 53 

Upper Kapuas Mountains, 4 

Upper Kimeridgian, 28 

Upper Lias, 28, 32 

Upper Tertiary, 35, 36, 37, 44 

Upper Triassic, 24, 26, 32, 42, 105, 

121, 123. 127 

Uptonia, 25 

Urals, 17 

Ussuria, 19 


V 


Verbeekina, 13 

Verbeekina verbeeki, 14 

Visean fauna, 13 

Vishnuites, 19 

voleanie mountain, 
age of, 76 

volcanic rocks, 78 

volcanoes, 3, 5, 6, 43, 52, 74, 78, 79, 
84; eruptions of, 76, 77; subma- 
rine, 5, 78 

volcanoes and earthquakes, 74, 83, 75 

vulcanism, Tertiary, 3, 5, 43, 44 


types of, 74; 
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vulcanism and seismicity, 83, 84, 86 — wolframite, 113, 114, 115 
Von Richthofen, cited, 61 wollastinite, 116 
"vorland" of Australia, 48, 60, 82 worms, 24 


X 
Ww Xenaspis, 19 
Waagenoceras, 15 Xenodiscus, 15, 19 
wad, 97, 106 
Waldthausenites, 21 7 
water, artesian, 188 
Wegener, A., cited, 65 Zaphrentis, 14 
Welteria, 22 Zeacrinus, 15 
Wetter Island, 3, 81 zinc, 97, 109, 110, see lead and zine 


Wichita formation, 17 zircon, 114 
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Butler, University of Michigan. Pp. 1-169. $1.25 net. 
Part II. Tue Мутн or Hercures AT Rome. Ву John G. Winter, 
University of Michigan. Pp. 171-273. %0.50 net. 
Part ПІ. Roman Law STUDIES ім Livy. By Alvin E. Evans. Pp. 
275-354. $0.40 net. 
Part IV. Reminiscences OF ENNIUS IN Sırıus IraLicus. By Loura В. 
Woodruff. Pp. 355-424. $0.40 net. 
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Vor. У. SOURCES OF THE SYNOPTIC GosPELS. By Rev. Dr. Carl S. Patton, 
First Congregational Church, Los Angeles, California. Pp. xiii + 263. 
$1.30 net. 


Size, 28 х 18.5 cm. 4to. 

Vor. УГ. ATHENIAN LEKYTHOI WITH OUTLINE DRAWING IN GLAZE en 
NISH ON A WHITE GROUND. By Arthur Fairbanks, Director of the 
Museum of Fine Arts, Boston. With 15 plates, and 57 illustrations in 
the text. Pp. уш + 371. Bound in cloth. $4.00 net. 


Vor. УП. ATHENIAN LEKYTHOI WITH OUTLINE DRAWING IN MATT COLOR 
ON A WHITE GROUND, AND AN APPENDIX: ADDITIONAL LEKYTHOI 
WITH OUTLINE DRAWING IN GLAZE VARNISH ON A WHITE GROUND. 
By Arthur Fairbanks. With 41 plates. Pp. x+275. Bound in cloth. 
$3.50 net. 


Vor. VIII. Tue OLD TESTAMENT MANUSCRIPTS IN THE FREER COLLECTION. 
By Henry A. Sanders, University of Michigan. With 9 plates showing 
pages of the Manuscripts in facsimile. Pp. viii + 357. Bound in cloth. 
$3.50 net. 

Parts Sold Separately in Paper Covers: 


Part I. Tue WASHINGTON MANUSCRIPT OF DEUTERONOMY AND 
Josmua. With 3 folding plates. Pp. vi+ 104. $1.25 net. 


Part II. Tue WASHINGTON MANUSCRIPT OF THE Psalms. With 1 
single plate and 5 folding plates. Pp. vili + 105-349. $2.00 net. 


Vor. IX. Tue New TESTAMENT MANUSCRIPTS IN THE FREER COLLECTION. 
By Henry A. Sanders, University of Michigan. With 8 plates showing 
pages of the Manuscripts in facsimile. Pp. x+323. Bound in cloth. 
$3.50. 

Parts 5014 Separately in Paper Covers: 


Part I. Tug WASHINGTON MANUSCRIPT OF THE FOUR GospELS. With 
5 plates. Рр. vii + 247. $2.00 net. 


Part II. Tug WASHINGTON MANUSCRIPT OF THE EPISTLES Or PAUL. 
With 3 plates. Pp. іх + 251-315. $1.25 net. 


Vor. X. THE Coptic MANUSCRIPTS IN THE FREER COLLECTION. By William 
Н. Worrell, Hartford Seminary Foundation. With 12 plates. Рр. 
xxvi + 396. Bound in cloth. $4.75 net. 


Parts Sold Separately in Paper Covers: 


Part I. Tug Сортіс PsaLTER. The Coptic text in the Sahidie Dialect, 
with an Introduction, and with 6 plates showing pages of the Manu- 
seript and Fragments i in facsimile. Pp. xxvi + 112. $2.00 net. 


Part II. A HOMILY ON THE ARCHANGEL GABRIEL BY CELESTINUS, 
Вівнор oF ROME, AND A HOMILY ON THE VIRGIN BY THEOPHILUS, 
ARCHBISHOP OF ALEXANDRIA, FROM MANUSCRIPT FRAGMENTS IN 
THE FREER COLLECTION AND THE BRITISH Museum. The Coptic 
Text with an Introduction and Translation, and with 6 plates showing 
pages of the Manuscripts in facsimile. Pp. 113-396. $2.50 net. 
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Vor. XI. CONTRIBUTIONS TO THE HISTORY OF SCIENCE. 
Part I. ROBERT оғ CHESTER’S LATIN TRANSLATION OF THE ALGEBRA 
or AL-KHowarızmi. With an Introduction, Critical Notes, and an 
English Version. By Louis C. Karpinski, University of Michigan. 
With 4 plates showing pages of manuscripts in facsimile, and 25 
diagrams in the text. Pp. vii+ 164. Paper covers. $2. 00 пеф. 


Part II. THE PRODROMUS or NICOLAUS STENO’S LATIN DISSERTATION 
CONCERNING A Sour Вору ENCLOSED ву PROCESS OF NATURE 
WITHIN A SOLID. Translated into English by John С. Winter, Uni- 
versity of Michigan, with a Foreword by Professor William H. Hobbs. 
With 7 plates. Pp. vii + 169-283. Paper covers. $1.30 net. 


Part ПІ. Vesuvius IN ANTIQUITY. Passages of Ancient Authors, with 
a Translation and Elucidations. By Francis W. Kelsey. Illustrated. 
(In preparation.) 


Vor. ХП. Srupres іх EAST CHRISTIAN AND ROMAN Авт. By Charles В. 
Morey, Princeton University, and Walter Dennison. With 67 plates 
(10 colored) and 91 illustrations in the text. Рр. хі + 175. $4.75 net. 


Parts Sold Separately: 
Part I. Елвт CHRISTIAN PAINTINGS IN THE FREER COLLECTION. Ву 
Charles R. Morey. With 13 plates (10 colored) and 34 illustrations 
in the text. Pp. xiii + 86. Bound in cloth. $2.50 net. 


Part П. A GOLD TREASURE OF THE LATE ROMAN Ревтор. Ву Walter 


Dennison. With 54 plates and 57 illustrations in the text. Рр. 
89-175. Bound in cloth. $2.50 net. 


Vor. XIII. DOCUMENTS FROM THE CAIRO GENIZAH IN THE FREER COLLEC- 
TION. Text, with Translation and an Introduction by Richard Gottheil, 
Columbia University. (Im press.) 


Vor. XIV. Two STUDIES IN LATER ROMAN AND BYZANTINE ADMINISTRATION. 
By Arthur E. R. Boak and James E. Dunlap, University of Michigan. 
Рр. x + 324. Bound in cloth. $2.25 net. 
Parts Sold Separately in Paper Covers: 
Part I. Tue MASTER OF THE OFFICES IN THE LATER ROMAN AND 
BYZANTINE Empires. By Arthur E. В. Boak. Pp. x + 160. $1.00 net. 


Part II. THE Orrick OF THE GRAND CHAMBERLAIN IN THE LATER 
ROMAN AND BYZANTINE Empires. By James Е. Dunlap. Pp. 165- 
324. $1.00 net. 


Vor. ХУ. GREEK THEMES IN MODERN MUSICAL SETTINGS. By Albert A. 
Stanley, University of Michigan. With 10 plates. Pp. xxii + 385. 
Bound in cloth. $4.00 net. 

Parts Sold Separately in Paper Covers: 


Part I. INCIDENTAL Music то Percy Mackayn’s DRAMA ок SAPPHO 
AND PHaon. Рр. 1-68. $0.90 net. 


Part П. Music TO THE ALCESTIS OF EURIPIDES WITH ENGLIsH TEXT. 
Pp. 71-120. $0.80 net. 
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Part III. Music ro THE IPHIGENIA AMONG THE TAURIANS BY EURIPIDES, 
WITH GREEK Text. Pp. 123-190. $0.75 net. 

Part ТУ. Two FRAGMENTS OF ANCIENT GREEK Music. Pp. 217-225. 
$0.30 net. 

Part V. Music то CANTICA OF THE MENAECHMI OF PLAUTUS. Pp. 229- 
263. $0.60 net. 

Part VI. Arrıs: А SympHonic Porm. Pp. 265-383. $1.00 net. 


Vor. XVI. NicomacHus OF GERASA: INTRODUCTION TO ARITHMETIC. 
Translated into English by Martin Luther D’Ooge, with Studies in 
Greek Arithmetic by Frank Egleston Robbins and Louis С. Karpinski. 
(In press.) 

Vous. XVII, XVIII, XIX, ХХ. RoYAL CORRESPONDENCE OF THE ASSYRIAN 


Empire. Translated into English, with a transliteration of the text and a 
Commentary. Ву Гегоу Waterman, University of Michigan. (In press.) 


Vor. XXI. THE Papyrus Minor PROPHETS IN THE FREER COLLECTION 
. AND THE BERLIN FRAGMENT OF GENESIS. By Henry A. Sanders, Uni- 
versity of Michigan, and Carl Schmidt, University of Berlin. (In press.) 


FACSIMILES OF MANUSCRIPTS 


Size, 40.5 x 35 cm. 


FACSIMILE OF THE WASHINGTON MANUSCRIPT OF DEUTERONOMY AND JOSHUA 
IN THE FREER COLLECTION. With an Introduction by Henry A. Sanders. 
Pp. x; 201 heliotype plates. The University of Michigan. Ann Arbor, 
Michigan, 1910. 


Limited edition, distributed only to Libraries, under certain conditions. A 
list of Libraries containing this Facsimile is printed in University of Michigan 
Studies, Humanistic Series, Volume VIII, pp. 351-353. 


Size, 34 x 26 cm. 
FACSIMILE OF THE WASHINGTON MANUSCRIPT OF THE FOUR GOSPELS IN THE 
FREER COLLECTION. With an Introduction by Henry A. Sanders. Pp. 
x; 372 heliotype plates and 2 colored plates. The University of Michi- 
gan. Ann Arbor, Michigan, 1912. 


Limited edition, distributed only to Libraries, under certain conditions. A 
list of Libraries containing this Facsimile is printed in University of Michigan 
Studies, Humanistic Series, Volume 1X, pp. 317-320. 


SCIENTIFIC SERIES 


Size, 28 х 18.5 cm. 4”. Bound in Cloth. 


Vor. I. THE CIRCULATION AND SLEEP. By John Е. Shepard, University of 
Michigan. Pp. ix + 83, with an Atlas of 63 plates, bound separately. 
Text and Atlas, $2.50 net. 


Vor. IL STUDIES on DIVERGENT SERIES AND SUMMABILITY. By Walter 
В. Ford, University of Michigan. Рр. xi + 194. $2.50. 


Vor. III. Tue GEOLOGY or THE NETHERLANDS East Inpres. By Н. A. 
Brouwer. With 18 plates and 17 text figures. Pp. xii + 160. $3.00. 


THE MACMILLAN COMPANY 
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UNIVERSITY ОЕ MICHIGAN 


PUBLICATIONS 
HUMANISTIC PAPERS 
General Editor: EUGENE S. McCARTNEY 
Size, 22.7 х 15.2 cm. 8°. Bound in Cloth. 


THE LIFE AND WORKS Or GEORGE SYLVESTER MORRIS. A CHAPTER IN THE 
History OF AMERICAN THOUGHT IN THE NINETEENTH CENTURY. By 
ROBERT M. WENLEY, University of Michigan. Pp. ху + 332. Cloth. 
$1.50 net. 


LATIN AND GREEK IN AMERICAN EDUCATION, WITH SYMPOSIA ON THE VALUE 
or Humanistic STUDIES. Edited by Francis W. KeLseY. Рр. x + 396. 
$1.50. 


THE PRESENT POSITION OF LATIN AND GREEK, The Value of Latin and 
Greek as Educational Instruments, the Nature of Culture Studies. 


SYMPOSIA ON THE VALUE OF Humanistic, Particularly Classical, Studies 
as a Preparation for the Study of Medicine, Engineering, Law and 
Theology. 


А SYMPOSIUM ON THE VALUE oF Humanistic, Particularly Classical, 
Studies as a Training for Men of Affairs. 


A SYMPOSIUM ON THE CLASSICS AND THE New EDUCATION. 


A SYMPOSIUM ON THE DOCTRINE OF FORMAL DISCIPLINE IN THE LIGHT 
OF CONTEMPORARY PSYCHOLOGY. 
(Out of print; new edition in preparation.) 
THE MENAECHMI ОЕ Prautus. The Latin Text, with a Translation by 


Josera H. DRAKE, University of Michigan. Pp. xi+130. Paper 
covers. $0.60. 


PAPERS OF THE MICHIGAN ACADEMY OF SCIENCE, ARTS AND 
LETTERS 


(containing Papers submitted at Annual Meetings) 
Editors: EUGENE S. McCARTNEY AND PETER O. OKKELBERG 
Size, 24.2 х 16.5 cm. 8°. Bound in Cloth. 
` Vor. I (1921). With 38 plates and 5 maps. Pp. м + 424. $2.00 net. 
Vor. II (1922). With 11 plates. Pp. xi + 226. $2.00 net. Bound in paper, 
$1.50 net. 


Vor. III (1923). With 26 plates, 15 text figures and three maps. Pp. xü 
+ 473. $3.00 net. Bound in paper, $2.25 net. 
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Vor. IV (1924), Parr I. With 27 plates, 22 text figures and 3 maps. Pp. xii 
+ 631. $3.00 net. Bound in paper, $2.25 net. 


Vor. IV (1924), Parr II. A Key TO THE SNAKES OF THE UNITED STATES, 
CANADA AND LOWER CALIFORNIA. By Frank N. Blanchard. With 78 
text figures. Pp. xiii + 65. Cloth. $1.75. 


VoL. V (1925). With 27 plates, 27 text figures and 1 map. $3.00 net. 
Bound in paper, $2.25 net. (In press.) 


LANGUAGE AND LITERATURE 


Vou. I. STUDIES IN SHAKESPEARE, MILTON AND DONNE. By Members of 
the English Department of the University of Michigan. Pp. уш + 232. 
Cloth. $2.50. 


CONTRIBUTIONS FROM THE MUSEUM OF GEOLOGY 
VOLUME 1 


Тне STRATIGRAPHY AND FAUNA OF THE HACKBERRY STAGE OF THE UPPER 
Devonsan. By Carroll Lane Fenton and Mildred Adams Fenton. 
With 45 plates, 9 text figures and one map. Рр. xi + 260. Cloth. $2.75. 


VOLUME П 


(All communications relative to the Numbers of Volume II should be addressed 
to the Librarian, General Library, University of Michigan.) 


No. 1. A Possible Explanation of Fenestration in the Primitive Reptilian 
Skull, with Notes on the Temporal Region of the Genus Dimetrodon, 
Бу Е. С. Case. Pp. 1-12, with five illustrations. $0.30. 


No. 2. Occurrence of the Collingwood Formation in Michigan, Бу В. Ruede- 
mann and G. M. Ehlers. Pp. 13-18. $0.15. 


No. 3. Silurian Cephalopods of Northern Michigan, by Aug. F. Foerste. 
Pp. 19-86, with 17 plates. $1.00. 


No. 4. А Specimen of Stylemys nebrascensis Leidy, with the Skull Preserved, 
Бу Е. C. Case. Pages 87-91, with 7 text figures. Price, $0.20. 


No. 5. Note on a New Species of the Eocene Crocodilian Allognathosuchus, 
A. wartheni, by Е. С. Case. Pages 93-97, with 1 plate and 1 text figure. 
Price, $0.20. 


No. 6. Two New Crinoids from the Devonian of Michigan, by G: М. Ehlers. 
Pages 99-104, with 1 plate. Price, $0.20. 
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HISTORY AND POLITICAL SCIENCE 


(The first three volumes of this series were published as “Historical Studies’ 
under the direction of the Department of History. Volumes IV and V were 
published without numbers.) 


Vou. І. А History ок THE PRESIDENT’S CABINET. By Mary Louise Hinsdale. 
Pp. ix + 355. Cloth. $2.00. 


Vor. П. ENGLISH RULE IN Gascony, 1199-1259, WITH SPECIAL REFERENCE 
то THE Towns. By Frank Burr Marsh. Рр. xi+178. Cloth. $1.25. 


Vor. ПІ. THE COLOR LINE ім Оно; A History ок RACE PREJUDICE IN A 
TYPICAL NORTHERN State. By Frank Uriah Quillan. Pp. xvi + 178. 
Cloth. $1.50. 


Vor. IV. THE SENATE AND TREATIES, 1789-1817. THE DEVELOPMENT OF 
THE TREATY-MAKING -FUNCTIONS OF THE UNITED STATES SENATE 
DURING THEIR FORMATIVE PERIOD. Ву Ralston Hayden, University of 
Michigan. Рр. xvi+237. Cloth. $1.50 net. 


Vor. V. WILLIAM PLUMER'S MEMORANDUM OF PROCEEDINGS IN THE UNITED 
STATES SENATE, 1803-1807. Edited by Everett Somerville Brown, 
University of Michigan. Pp. xi+ 673. Cloth. $3.50. 


Vor. VI. THE GRAIN SUPPLY OF ENGLAND DURING THE NAPOLEONIC PERIOD. 
Ву W. Е. Galpin, University of Oklahoma. Рр. xi + 305. Cloth. $3.00. 


CATALOGUE OF THE STEARNS COLLECTION OF MUSICAL INSTRUMENTS (Second 
edition). By Albert A. Stanley. With 40 plates. Pp. 276. $4.00. 


THE MACMILLAN COMPANY 
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LEGAL FOUNDATIONS 
OF CAPITALISM 


BY 
JOHN R. COMMONS 


University of Wisconsin 


N investigation of the meanings of Reasonable Value as interpreted by 
the Courts, and consequently a contribution to the sciences of Economics, 
Ethics, Psychology, Law, and Politics. The book is an attempted correlation 
of these sciences into a volitional theory of value, and, as such, is a discussion 
of the foundations of Sociology in so far as applicable to an understanding of 
the modern capitalistic organization of Society. 

This study of the origin and development of the legal precedents out of 
which present interpretations of law in America and England have grown 
is brought down to specific cases, covering almost every phase of economic 
life. It sets forth the theoretical basis on which judicial precedents are founded 
governing the conduct of economic life. 


SUMMARY OF CONTENTS 


CHAPTER CHAPTER 
I. MECHANISM, Scarcity, Уовк- VI. Tue Rent BARGAIN — FEUDAL- 
ING RULES. ISM AND USE VALUR. 
II. PROPERTY, LIBERTY, AND VALUE. 
1. Use Value, and Exchange УП. Тнк Price BARGAIN — CAPI- 
Value; 2. Opportunity and TALISM AND EXCHANGE VALUE. 
Encumbrance; 3. Power; 4. 
3 á У 2 1. The Commonwealth; 2. In- 
Economy. 
corporeal Property — Encum- 
ПІ. PHYSICAL, Economic, AND brances; 3. Intangible Prop- 
MoraL Power. erty — Opportunities. 


IV. TRANSACTIONS. 
1. The Parties; 2. Perform- VIII. Tue WAGE BARGAIN — INDUS- 
ance, Avoidance, Forbearance, . TRIALISM. 

3. Actual, Potential, Possible, 


Impossible; 4. Authorized 1. Individual Bargaining; 2 


Associated Persons and Asso- 


Transactions; 5. Authorita- E 
tive Transactions; 6. Work- ciated Property; 3. Custom 
ing Rules. and Law; 4. Industrial Gov- 
ernment. 

V. GOING CONCERNS. 
1. Working Rules of Political, 1 : 5 
Industrial, and Cultural Con- IX. Ровшыс РОВРОВЕ. 
cerns; 2. Faculties and Ор- 1. Concerns and Positions; 
portunities; 3. Assets and 2. Classification’ 3. The Work- 
Liabilities; 4. Valuation, Ap- ing Rules of Going Concerns; 
portionment, Imputation; 5. 4. Due Process of Thinking; 
The Unit Rule; 6. Going 5. Discretion; 6. Economic 
Plant and Going Business. Theory of Going Concerns. 


буо. 394 pages. $3.00. 
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А POLITICAL AND SOCIAL 
HISTORY OF MODERN EUROPE 


БУ, 
CARLTON J. H. HAYES 


A New Edition of Volume II: 1815-1924 


FASCINATING story of Europe in the Nineteenth Century and the 

momentous years of the first quarter of the Twentieth. Hayes paints 
in broad lines and brilliant colors the shifting of national power, the conflicts 
of economic and political forces, and those social and intellectual revolutions 
which have moulded the present world. 

This notably successful text is now ready in an enlarged edition containing 
five new chapters on the period from 1914 to 1924. The author summarizes 
the important events of the Great War, its significant diplomatic background, 
and the political, social, and economic aspects of the post-war developments. 

The outstanding college text for history courses, on Modern Europe. 
Eight new maps are a feature of the revision. 


CONTENTS OF THE NEW PART VI 
“STORM AND STRESS” 


XXXI. THE GREAT War ОЕ 
NATIONS, 1914-1918. 
Initial German Successes on Land; 
Use of British Sea Power; The 
Crisis of the War; The Triumph of 
the Allies. 


XXXII. PREPARATIONS FOR PEACE 
AND THE REVOLUTIONS IN CENTRAL 


THE Settlement; The League of Nations 
and the Labor Convention; Amer- 


ica’s Separate Peace-Settlement. 


XXXIV. Tue Russian REVOLUTION. 
Destruction of Autocracy; the 
March (1917) Revolution; Failure 
of Middle-Class Government: the 


EUROPE. 

Bases of Peace; The Nationalistic 
Revolution in Central Europe and 
the Dismemberment of Austria- 
Hungary; The Democratic Revo- 
lution in Germany; The Resur- 
rection of Poland. 


XXXIII. Tue Peace or Paris. 


The Mood and Manner of the 
Peace; The Political and Economie 


8vo. 


905 pages. 


November (1917) Revolution; Bol- 
shevist Russia: the Dictatorship 
of the Proletariat; Bolshevist Rus- 
«sia Against the World. 


XXXV. Tus Latest Era, 1914-1924. 


Economie and Social Difficulties; 
Nationalism and Imperialism in 
the New Era; The Spread of 
Democracy and Republicanism; 
Seience, Religion, and Education. 


Maps. $4.00. 
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